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NOVEMBER 


10-12 Steel Founders’ Society of 
America, 13th Technical & Operating 
Conference. Carter Hotel, Cleveland. 


20-21 National Foundry Association, 
Annual Meeting. Drake Hotel, Chicago. 


30-Dec. 5 American Society of Mech- 
nical Engineers, Annual Meeting. Statler 
Hilton and Sheraton-McAlpin Hotels, 
New York 


DECEMBER 


3 Foundry Facings Manufacturers 
Association, Annual Meeting. Waldorf- 
Astoria Hotel, New York. 


3-5 American Institute of Mining, 
Metallurgical & Petroleum Engineers, 
Electric Furnace Steel Conference. Stat- 
ler Hotel, Detroit. 


3-5 . . National Association of Manu- 
facturers, Annual Meeting. Waldorf-As- 
toria Hotel, New York. 


9. . Material Handling Institute, Annual 
Meeting. New York 


1959 


FEBRUARY 
12-13 AFS Wisconsin Regional Foun- 


dry Conference. Schroeder Hotel, Mil- 
waukee 


15-19 . . American Institute of Mining, 
Metallurgical & Petroleum Engineers, An- 
nual Meeting. San Francisco. 


26-27 . AFS Southeastern Regional 
Foundry Conference. Hotel Tutwiler, 
Birmingham, Ala. 


MARCH 


9-10 . . Steel Founders’ Society of Ameri- 
ca, Annual Meeting. Drake Hotel, Chi- 
cago 


11-12 . . Foundry Educational Founda- 
tion, Annual College-Industry Confer- 
ence. Hotel Cleveland, Cleveland. 


13-14 . . AFS California Regional Foun- 
dry Conference. Huntington-Sheraton Ho- 
tel, Pasadena, Calif. 


16-20 . . American Society for Metals, 
llth Western Metal Exposition & Con- 
gress. Pan-Pacific Auditorium and Am- 
bassador Hotel, Los Angeles 


APRIL 


13-17 . . AFS 2d Engineered Castings 
Show and 63d Annual Castings Con- 
gress. Hotels Sherman and Morrison, 
Chicago. 


MAY 


13-15 . . National Industrial Sand Asso- 
ciation, Annual Meeting. The Homestead, 
Hot Springs, Va. 


25-26 . . Malleable Founders’ Society, 
Annual Meeting. The Homestead, Hot 
Springs, Va. 
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The Knight organization's practical ‘working type” 
approach to foundry problems results in specific, 
tangible benefits. For one client, Knight recommendations 
reduced manufacturing overhead 58%. Installation of 
flexible budgets, carried to the foreman level, improved 
methods and increased productivity, substantially 
reduced costs in all departments (without capital 
expenditures). These and other changes—in 
manufacturing approach and work-in-process methods— 
made possible a doubling of profits over the 

last three years. 


For consultation on any foundry problem, 
large or small, call on 
Lester B. Knight & Associates, Inc. 


KNIGHT SERVICES INCLUDE: 


Foundry Engineering «+ Architectural Engineering + Construction Management «+ Organization 
Management’ «Industrial Engineering * Wage incentives «Cost Control + Standard Costs 
Flexible Budgeting ¢ Production Control « Modernization « Mechanization + Methods 
Materials Handling «Automation § «+ Survey of Facilities »* Marketing 
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Management, Industrial and Plant Engineers 
Member of the Association of Consulting Management Engineers, Inc. 
549 W. Randolph St., Chicago 6, III. 
917 Fifteenth St., N.W., Washington, D. C. 
New York Office—Lester B. Knight & Associates, 375 Fifth Ave., New York City 16 
Knight Engineering Establishment (Vaduz), Zurich Branch, Bahnhofstrasse 17, Zurich, Switzerland 


Circle No. 956, Page 7-8 
October 1958 + J 








NO W...vou GET 


SHELL CORES 


(ANY TYPE SAND) 
WITH 


AMAZING...NEW 
DELTA 





Note how Delta SheliKoat FM Wash 
anchors itself to the surface by pen- 
etrating from 6 to 10 grains deep. 
This eliminates the possibility of sand 
errosion or burn-in and insures 
smooth casting surfaces. 


NOTE THESE ADDED ADVANTAGES: 


oa PLASTIC TYPE WASH — mix y No Runs 
pred with water to necessary : 
Baume. No Buildups 
Washed surface is inert to 


Coating is uniformly bonded 
Vy molten metal. 


and equally as smooth after 
hot - cold dipping (70 F to May also be used, with equal 
450 F). advantages, in coating con- 
Highly Refractory ventional oil-sand cores. 


a 





seek fora Sample... 


Working ples and additi | information 
on Delta SheliKoat FM Wash will be sent to 
you on request for test purposes in your 
own foundry. 









DELTA OIL PRODUCTS CORP. MILWAUKEE 9, 
MANUFACTURERS OF SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS WISCONSIN 
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editor’s report 


@ "There is a 125 million dollar market for invest- 
ment castings in aircraft and missile applica- 
tions," according to J. K. Dietz, Chance Vought 
Aircraft Inc., in a talk before the Investment 
Casting Institute. This potential business exists 
if foundrymen can cast shapes 36 to 48 in. long with 
minimum sections of 0.1 to 0.08 in., 260,000 psi 
tensile strength,210,000 psi yield strength and 4 


per cent elongation. Now there's a big target worth 
shooting for! 











@ This market is not just limited to investment 
casters either. In this issue of Modern Castings 
you can read about how Osbrink Manufacturing Co. 
is now casting aluminum and magnesium aircraft and 
missile components in sand with wall thicknesses 
down to 0.050 in., as-cast tolerances of 0.0050 
in. and 100 rms or better micro-finish! 








@ "We can run our new water cooled cupolas acid, 
neutral or basic all in the same day's campaign," 
says Dick Aylward of Neenah Foundry, Neenah, Wis. 
In fact, it is quite a common practice for them to 
start off in the morning producing gray iron with an 
acid practice, and then switch over to neutral or 
basic operation and start tapping low sulfur 
high carbon iron suited for nodular iron castings. 
Only a few minutes time and about 1000 lb of 
transition metal are consumed making the change! 




















@ Improved heat conductivity for epoxy resins has 
long been the goal of the manufacturers and a need 
of the foundry industry. Epoxy patterns get hot and 
stay hot when contacting hot molding sands: 
ergo, sand starts to stick to pattern. Epoxy dies 
for wax injection by investment casters conduct 
the heat away from the molten wax too slowly. 
Higher conductivity might even permit epoxy 
patterns to be used for shell molding. A prominent 
resin formulator has come up with a partial 
solution to the problem that shows promise. 

Steel fibers are given the optimum directional 
orientation for heat flow away from pattern surface 
by applying a magnetic field. With fibers standing 
on end, liquid epoxy is poured around them. Fibers 
are locked in position by hardening resin. It 

is claimed the resulting material has a heat 
conductivity equal to 304 stainless steel! 
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Arc Plus Air Cleaning for 
Less Noise, Higher Output 


by Antuun Hart 
Grede Foundries, In 


Milwaukee 


The arc-air process is being used 

yur foundry wherever possible and 
profitable, not only as an increase 

yur production but also to elimi 
nate chipping noise. At the present 
time we are removing fins from 50 
per cent of our production and pads 
from 25 per cent. 

4 torch to handle 3/8-in. elec 
trodes was purchased first to remove 
crack defects from castings. Upon 
seeing its potential, two more torches 
handling 1/2-in. electrodes were in 
stalled in our turntable’ welding 
booths for the removal of defects and 
internal pads. This was followed by 
the installation of an arc-air torch 
in every welding booth 

Experiments with fin and pad re- 
moval in the welding booths soon 
proved successful. After some experi- 
menting it was decided to use motor 
generators as a source of power for 
the new torches. Two 1000 ampere, 
constant potential motor generators 
and one 1200 ampere machine are 
now in service 

From information gained in previ 
ous welding booth experiments, it 
was decided that supervisors should 
become arc-air operators before at- 
tempting to train anyone. It was de- 
cided that chippers, rather than 
welders, having the proper removal 
know-how and being most concerned 
with arc-air due to the probable loss 
of their jobs, would be best suited 
to train. After one week's training 
our first operator was on his own and 
he became instructor for the opera- 
tors that were to follow. 

Pads as small as 1-1/2 x 3-in. to as 
large as 38-in. diameter have been 
removed with substantial savings in 
labor costs effected. By the use of 
the wrong technique, the operator 
can increase the amperage required 
to remove a given amount of metal 
and also increase the time needed 
to remove this given amount of metal. 
The operator must acquire a smooth, 
fluid motion in his handling of the 
torch. Light enough to avoid abuse 
of the equipment and yet heavy 
enough to effect metal removal at a 
steady, even flow—not giving slag a 
chance to build up and impede the 
progress of his work. It is of great 
help to the operator if he is equipped 
with a jitterbug-type slag removal 
hammer like those used in conjunc- 
tion with the removal of welding 
slag and scale. With the use of this 
tool he can greatly reduce the heat 
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Who says... 
there’s no difference in bentonites? 


Don't make me laugh. 


i beg to differ. 





FROM TOM BARLOW 


All bentonis 


es 
created ‘ Gre nor 


qual 


Poppycock! — 





_* ; 5 
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ABOVE: Four prominent citizens of Mount Rushmore, South Dakota — 
near the source of Eastern Clay Black Hills Bentonite deposits 


STRONG EVIDENCE 


A recent competitive test proved 
Revivo Core Paste stronger than 
competing core pastes by 52% to 
475%. However, this was just one 
set of conditions, so the tests were 
repeated under others. The follow- 
ing table shows the results. 


If you study this table carefully, 
I think you will come up with the 
same conclusions we have. Namely, 
each competitive paste tested gives 
good results under at least one set 
of conditions — but Revivo is much 
the strongest under all conditions. 


Shipment is made from Cleve- 
land, Ohio, in bags or barrels. We'll 
be glad to furnish samples and 
quote prices, 








Tensile Revivo 
Strength stronger by 


AIR DRIED — 9 hours: 





Paste G 
OVEN DRIED 
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wei?) ae TO FOUNDRIES 


Too often, foundrymen seem to feel 
that bentonite, whether it be west- 
ern or southern, depends only on 
the “hole in the ground it came out 
of.” Unfortunately (or fortunately, 
as the case may be) this is far from 
true. We don’t feel that you can 
say “bentonite is bentonite” any 
more than you can say “pig iron 
is pig iron” or “cast iron is cast 
iron” or “steel is steel.” 

Some foundries have better con- 
trol than others. Off the same pat- 
tern, they will produce a casting 
which somehow is a little closer to 
what the customer wants. It may 
be essentially the same as the com- 
petitor’s. But there are minor 
points which make the customer 
happier with that casting than with 
the one produced by your compet- 
itor. We believe that difference is 
a question of quality control. 

It is for that reason we boast 
about our laboratory control, our 
technicians, our geologists and our 
extensive research laboratories. 
All of them work to give you a 
product with which you are satis- 
fied, and of which we can be 
proud. Bringing you a good ben- 
tonite involves selection, testing, 
evaluation, discrimination, blend- 
ing (and its opposite, segregation) 
under carefully controlled condi- 
tions. All with good judgment and 
complete honesty. 

We are as proud of our ability 
to produce good clay as you are of 
your ability to produce good cast- 
ings. Furthermore, we know we can 
do it every day, week in and week 
out, month in and month out, year 
in and year out. We have the best 
resources to draw clay from. We 
have the know-how to treat it prop- 
erly. We have the quality control 
instruments and manpower to pack- 
age only the best. Above all, we 
have the “desire to serve” which 
guarantees you reliable supply. 








The Ways of Clays... 





Less b-b-bounce 
to the ounce 


Having no motivational re- 
search people to pry into your 
subconscious mind and _inter- 
pret your dreams, we were sur- 
prised to find that most foun- 
drymen are buying our new 
Cupolinor not just because it’s 
a one-man machine. Many are 
impressed by the lower rebound 
and therefore, more econom- 
ical operation. 





With this one-man machine, 
there’s no surge from one hop- 
per to the other. Eliminating 
this temporary pressure drop 
means that there is a more 
continuous flow of material. 
This more than permits the op- 
erator to maintain a constant 
moisture which, in turn, gives 
him a reduced rebound. 





It’s a crying shame that some peo- 
ple treat or think about fireclay as 
a country cousin. In most places, 
the freight costs more than the clay 
itself. But ask the man who uses 
it, and youll get quite a different 
picture. To him, it’s important that 
the clay be easy to use and handle, 
and permits him to do a workman- 
like job with minimum effort. 


On the other hand, someone else 
in the organization may feel that 
the high refractory value, high plas- 
tic strength and other quality fea- 
tures are more important. No mat- 
ter whose side you’re on, our clays 
— Revivo, Lawco and Bondact 
are your best buy. 


These fireclays are high in true 


In addition to that, the 
smoothness of the Auger-matic 
feeding surpasses that of any 
machine ever developed .. . 
even our own feed wheel de- 
sign. Auger-matic feeding gives 
you a perfect and steady con- 
trol over the rate of feed. When 
it is set for a certain speed, it 
holds it uniformly and smooth- 
ly. In fact, it is so smooth that 
it’s almost impossible to tell 
whether the machine is running 
or not. No longer do you see 
jumping, jerking and pitching 
of the hose that has been seen 
in so many past designs. 


Actually, the jumpy, twitchy 
hose in other machines is not 
always inherent, but rather in- 
dicates a lack of perfect adjust- 
ment. This is a communication 


Creators of Living Minerals 


EASTERN CLAY PRODUCTS DEPT. 


(advertisement) 


clay content, so they slake or soften 
rapidly in water . . . can be used 
immediately after mixing. Silicious 
and sandy clays, by contrast, are 
usually hard and slake slowly. It's 
necessary to soak them for hours 
before they can be used. 


Hard, slow-slaking clays must be 
ground rather fine if full efficiency 
is to be obtained. The cost of any 
fireclay at the pit depends on the 
fineness of the grind. Coarse, soft 
clays slake as fast as fine, hard 
clays. Therefore, a first-quality soft 
fireclay may be purchased at no 
higher initial delivered cost than a 
third-quality hard clay, even though 
the freight rate on the quality clay 
may be higher. 





problem. It is difficult for the 
operator in the cupola to tell 
the man at the machine his re- 
quirements of feed rate and 
pressure. Lacking a_walky- 
talky, he has no control over 
rate of feed or pressure. ® 


With a one-man machine, 
the operator is his own boss 
ond makes his own destiny. 
If he wants faster feed, he gets 
it; if he wants a change in 
pressure, he has it at his fin- 
gertips. As a result, he can ad- 
just the smoothness and flow 
to the point where his rebound 
is drastically curtailed. % 

Auger-matic feeding makes a 3 
good operator out of an ama- 
teur .. 


ator out of a good one. 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 


‘Administrative Center, Old Orchard Road, Skokie, Illinois -«ORchard 6-3000 
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. an even better oper- & 


abuse and amperage resistance set 
up by slag mounds. 

To thoroughly remove fins with 
the arc-air process, a much _ bette 
abrasive cleaning job is 
needed than was necessary for chip- 
ping. Even with this better clean- 
ing we still do not arc-air those cast- 
ings that are burned on at the base 
of the fins. Any attempt to arc-air 
sand—included areas causes the arc 
to gouge or dive under the sand line, 
removing portions of the castings. 
This type of fin removal is now han- 
dled at powder wash stations. Sand 
defect limited to small 
areas metal 
must be removed in order to get rid 
of it. Crack removal by arc-air is 
being used extensively in preference 
to the old, tedious method of chip- 
ping out crack defects. 

Equally as important as the pro 
duction problems is the big problem 
of maintenance. Maintenance centers 
around dust brushes and 
Each machine is checked 
thoroughly once a week by the main- 
tenance department. It is completely 
blown out, checked for shorts and 
the brushes 


blast or 


removal is 


because an excess of 


removal, 
torches. 


closely inspected and 
replaced if necessary. To avoid being 
a part of the normal shop waiting 
list for 


cleaning room personnel to handle 


maintenance, we trained 


this maintenance. 


@ Condensed from a talk presented at 2Ist 
Wisconsin Regional Foundry Conference 


product report... 


Makes furnace additions . . . to open 
top of electric are furnaces for At- 
lantic Seaboard Div. plant, Charles- 
ton, South Carolina. Specially de- 


signed Blaw-Knox Dolomite machine 
is the first of its kind manufactured 





by Blaw-Knox Co., 
Company officials say that the hy- 
draulic throwing mechanism, ener- 
gized by truck’s power take-off, can 
handle a variety of materials in addi- 
tion to dolomite. Mechanism can be 
related 180 degrees; 40 cu ft capacity. 


For Manufacturer's information 
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Your KEY to 





Cleaner Gray Iron 


ye . 







don’t accept 
substitutes 


CORNELL 
CUPOLA FLUX 


There's nothing equal to Famous Cornell Cupola Flux for purifying 


molten iron. Here’s why! 


Famous Cornell Flux purifies metal by chemically reacting with the 
molten mass to increase fluidity of iron and slag. There is less digging 
out and downtime. Famous Cornell Flux also gives a protective glaze 
to cupola linings to protect them from the ravages of the molten metal. 
Why not write for a Cornell Representative to help you with your iron 
making problems? Write for Bulletin 46-B. 


Wave you tried 
Famous Cornell Aluminum 
A ou 
and Brass Flux? ORNEL 






Write for Bulletin 6 - A ne E 





Fee CLEVELAND FLUX Genpany 


1026-40 MAIN AVENUE, N.W. « CLEVELAND 13, OHIO 


Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
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CO: MOLD CURING . . . gassing 
unit reportedly cures molds stripped 
or on the pattern. Features adjust- 


able height, blank-off-blocks which re- 





duce excess chamber space and stop 
cam for arresting inward movement 
of mold. Alphaco, Inc 


For Manufacturer's Information 
Circle No. 861, Page 7-8 


VIBRATION-FREE BARREL FIN- 
ISHING .. . claimed for new equip- 
ment reported to be so stable that 
a coin balanced on edge on housing 
will remain standing throughout oper- 
ating cycle. Said to offer greater con- 
venience in loading, unloading and 
cleaning; and to be ideal for debur- 
ring, descaling and burnishing. Wheel- 
abrator Corp. 
For Manufacturer's Information 


Circle No. 862, Page 7-8 
CHECKS INSIDE LEVEL .. . of 
material in furnace. Electronic device 
uses nuclear energy to keep constant 
automatic check by projecting gamma 
rays through furnace to Geiger count- 
ers. All components outside furnace. 
Signal actuates automatic furnace con- 
trols, or registers on control board. 
Source’s useful life, 3 years; replace- 


Build an idea file for plant improvements. 
The post-free cards on page 7-8 
will bring more information on these new .. . 


ment is inexpensive, according to man- 
ufacturer. Nuclear Corp. of America 


For Manufacturer's Information 
Circle No. 863, Page 7-8 


MAGNETIC DRILL PRESS .. . can 
be clamped to any ferrous surtace 
Designed to accommodate all makes 
and models of portable air and elec- 
tric drills equipped with dead-handle 
sockets. Features swivel column with 
lock, permitting accurate location of 


work. Thor Power Tool Co. 
For Manufacturer's Information 
Circle No. 864, Page 7-8 


INFRA-RED OVEN PANELS 

for foundry applications such as rapid 
curing of epoxy resins, drying sand 
and baking cores. Designed for con- 
struction of radiant surfaces for use 
over conveyor belts and as walls, ceil- 
ings and floors of furnaces. Infra-red 
radiation reportedly not color selec- 
tive, with absorption high. Industrial 
Process Div., Ampere Industries. 


For Manufacturer's information 
Circle No. 865, Page 7-8 


CLAY BALL PROBLEM ... in mull- 
ing operations reduced and in some 
cases eliminated completely by two- 
wheeled blender with mitered cut- 
ter wheels, according to manufacturer. 





Unit thoroughly distributes clay with 
sand before water is added. Officials 
claim greatly improved sand proper- 
ties by placing unit before muller on 
conveyor belt. Pekay Machine & En- 
gineering Co. 


For Manufacturer's Information 
Circle No. 866, Page 7-8 


SPECTROMETER .. . shows ferrous 


and non-ferrous metals and _allovs 









YOU SUBSCRIBE 


TO MODERN CASTINGS. 


YOU LEARN 


SOMETHING NEW EACH 
TIME YOU READ IT. 


YOU KNOW 


SOMEONE WHO DOESN’T KNOW 
EVERYTHING ABOUT YOUR INDUSTRY. 


TELL HIM TO... 
SUBSCRIBE TO 
MODERN CASTINGS!! 





IT’S HARVEST TIME.... 


TIME TO GATHER IN A HARVEST OF INFORMATION 
ON THE 


PRODUCTS 
PROCESSES 
TECHNOLOGY 
YOU’VE READ ABOUT IN THIS ISSUE OF 
MODERN CASTINGS. 
CIRCLE THESE NUMBERS FOR 
MANUFACTURER'S LITERATURE 


October 1958 * 7 
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DONT BE TRICKED .. 


TREAT YOURSELF TO — 
THE PUBLICATION THAT GIVES YOU 
MORE VALUABLE FACTS ABOUT YOUR INDUSTRY. 
SUBSCRIBE TO MODERN CASTINGS. 





WHICH IS WHICH? 


WONDERING WHAT’S BEST FOR YOU — 

YOUR SPECIAL PROBLEM? 
DON’T LET COMPETITORS SCARE YOU! 
YOULL BE FLYING HIGH WHEN YOU 
LET EXPERTS IN YOUR INDUSTRY BRING YOU 
UP-TO-DATE ON TECHNIQUES, PROCESSES AND 
EQUIPMENT YOU’RE READING ABOUT. 
CIRCLE THESE NUMBERS AS YOU READ 
MODERN CASTINGS! 


8 °* modern castings 





analysis within 30 sec. Gives instant 
direct reading of up to 30 alloying 
elements. Design permits optional 
film recording of analytical spectrum. 
Said not to require prolonged operat- 
or training, to have easily serviced 
plug-in componets, and extreme tem 
perature stability. Jarrell-Ash Co 


For Manufacturer's information 
Circle No. '67, Page 7-8 


REFRACTORY SAW .. . for trim- 
ming refactory bricks now has an 
attachment allowing unit to be easily 
moved about the plant. A wheel kit 
permits wheels to be quickly assembl- 
ed on the rear legs of lever arm. 
Brick-saw can then be moved as you 
would maneuver a wheelbarrow. Ev- 
eready Bricksaw Co. 


For Manufacturer's Information 
Circle No. 868, Page 7-8 


SWEAT BAND ... has been tested 
to evaporate 27-60 per cent more 
moisture than competitive models, 
aiding in preventing blurry vision and 
sweat-fogged glasses or goggles, man- 
ufacturer claims. Cooling affect af- 
forded by perforations in sponge-like 
strip of cellulose acetate. Evaporation 
may be increased by dipping sweat 
band in cold water prior to wearing 
Easily cleaned with soap and water 
Sellstrom Mfg. Co 


For Manufacturer's Information 
Circle No. 869, Page 7-8 


VERTICAL BLUEPRINT FILING 

. of single sheets; also plans, maps 
and drawings. Hangs each sheet in- 
dividually, free of wrinkles or creases, 
ready for instant identification and 
use. Wall-mounted bracket accommo- 
dates up to 150 aluminum hangers 
in 12-in. width. Plan Hold Corp 


For Manvfacturer’s Information 
Circle No. 870, Page 7-8 


CONTACT WHEEL .. . self-align- 
ing, for abrasive belts is made of rub- 
ber, and is said to need no aligning 
even when spindles are worn. Manu- 
facturer claims rubber hub gives effect 
of floating power, eliminating vibra- 
tion and providing contact wheel at 
lower cost than conventional types. 
Chicago Rubber Co. 


For Manufacturer's Information 
Circle No. 871, Page 7-8 


SEALANT .. . designed for thread- 
ed connections, flanged joints and 
gaskets in contact with petroleum-base 
oils, ethylene glycol, water and gaso 
lene. Said to be highly vibration 
resistant. Permatex Co. 


For Manufacturer's information 
Circle No. 872, Page 7-8 


ALUMINUM ROOF COATING ... 
is claimed to give greater roof cov- 
erage characteristics, give longer pro- 
tection, improve building appearance, 
minimize roof maintenance, cut un- 
der-roof temperatures and improve 


Taylor & Company, Inc., Brooklyn, New York, casts them 
little and big with equal ease—from dry-sand castings that 
weigh tons, to light close-tolerance parts cast by the shell- 
molding process. As many as 6,000 different patterns are 


Taylor & Com pany used by Taylor in an average month. 
° . For seventy-five years, this merchant foundry has turned 
S ecializes out a variety of sizes and shapes with the aid of high-quality 
Hanna pig iron, especially Hanna Malleable and Hanna 
Silvery grades. President William Z. Taylor has never failed 


* efe . 
in versatility with to find Hanna a dependable source of supply for any analysis - 


he needs to meet his customers’ requirements. 


Whatever you cast, there’s a Hanna iron to do it best. All 
HAN NA Pi ie fe regular grades of pig iron, plus HannaTite and Hanna 
Silvery, are available in 38-pound pigs and the smaller 


HannaTen ingots. For prompt service, call on one of Hanna’s 
trained representatives. 





This 6-ton dry-sand casting will be a machine tool base that stands up to vibration 
and shock, provides a rock-steady foundation for accurate work. 





<1 These small parts were cast to close toler- 
ances by the shell-molding process, and need 
little or no machining. 


THE HANNA FURNACE CORPORATION 
Buffalo * Detroit * New York + Philadelphia 
Merchant Pig Iron Division of 


NATIONAL STEEL ee 


Circle No. 960, Page 7-8 
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“SilMag 
ALLOYS 


for 


DUCTILE 
IRON 


iir conditioning efficiency. Tests indi- 
cate product equally effective on 
felt, tar paper, gravel or composition 


roofs, pitched or flat. Monroe Co. 


For Manufacturer's Information 
Circle No. 873, Page 7-8 


BALL BEARING COMPASS ... pre 
cision drafting instrument permits 
drawing of perfect circles, 1/4 to 


2-in. diameters by inserting pencil in 
desired hole and spinning around cen- 
ter. Offers choice of 69 diameters. 
F & H Mfg. Co. 


For Manufacturer's information 
Circle No. 874, Page 7-8 


IMPREGNATION EQUIPMENT... 
lease plan tor castings produce rs who 
feel production does not justify pur- 
chasing this equipment. Will permit 
producers and users of castings to 
test before they buy. Equipment from 
basic leak testers to fully automated 
impregnation machinery is available 
on leasing basis. Prenco Mfg. Corp 


For Manufacturer's Information 
Circle No. 875, Page 7-8 


ASBESTOS GLOVES .. . reportedly 
allow handling of steel at 1200 F 
with safety and ease. Treated with 
special aluminum-resin coating. Offi- 
cials report increased heat resistance 
plus up to four times longer wear 
Mine Safety Appliances Co. 


For Manvfacturer’s Information 
Circle No. 876, Page 7-8 


EDDY CURRENT ... testing instru- 
ment locates and determines relative 
seriousness of defects in all conduc- 
tive materials, according to manufac- 
turer. Sorts mixed lots of ferrous and 
non-ferrous metals for differences in 
hardness, alloy and heat treat condi- 
tion. Measures thickness of certain 
conductive and non-conductive coat- 
ings. Magnaflux Corp. 


For Manufacturer's Information 
Circle No. 877, Page 7-8 


INDUCTION MELTING .. . through 
simple unit for converting frequency. 
Unit is a static-frequency multiplier, 
taking, for example, 3-phase power 
at 60 cycles directly from ordinary 
supply line and delivering single- 
phase power to furnace through con- 


Circle No. 961, Page 7-8 














ventional lines. Company claims fur- 
nace power supply cost is two-thirds 
to three-quarters that of convention- 
al motor-generator type equipment. 
Operation said to be almost auto- 
matic and easy for inexperienced op- 
erator use. Ajax Electrothermic Corp 


For Manufacturer's Information 
Circle No. 878, Page 7-8 


METAL-FILLED EPOXY .. . resins 
designed to make strong castings with 
properties similar to metal. Make 
molds for short-run use and for filling 
voids and plugging holes in metal 
structures, wood, plastics. Two-com- 
ponent material cures at room tem- 
perature and is said to have excel- 
lent machining properties. Sets in 
four hr at 70 F and in one hr at 
120 F. American Latex Products Corp. 


For Manufacturer's Information 
Circle No. 879, Page 7-8 


RESONANCE BONDING .. . of 
mold and core sands hardens sand 
without use of heat, ovens or gassing 
equipment. Manufacturer claims set- 
ting and hardening time can be adjust- 
ed to suit individual needs by means 
of “delayed chemical action,” and that 
materials and principles of new proc- 
cess reduce hardening time of shell 
molds.Process claimed to increase size 
and reduce cost of investment castings, 
and to result in use of finer sands. 
Coldhard-HiUtek Div., United States 
Trading & Service Corp. 


For Manufacturer's Information 
Circle No. 880, Page 7-8 


EPOXY MOLDING .. . compound 
reportedly offers for the first time 
high strength coupled with exception- 
al conformability. Users report aver- 
age flexural strength of 100,000 psi, 
average tensile strength of 40,000 
psi and average compressive strength 
of 38,000 psi at normal temperatures. 
Glass content, 66 per cent; resin con- 
tent, 34 per cent. Manufacturer states 
that once molded, the material offers 
the good dimensional stability charac- 
teristic of epoxy resins. Minnesota 
Mining & Mfg. Co. 


For Manufacturer's information 
Circle Ne. 881, Page 7-8 


SHELL MOLD . release agent 
eliminates sticking, break-in, build-up 
and cleaning of shell mold patterns 
and core boxes. Applied by spray 
or brush, coating tested to withstand 
temperatures over 1000 F. Smoke- 
less, non-toxic and inert, material said 
to be an effective high temperature 
lubricant. Chem-Cote Co. 


For Manufacturer's information 
Circle No. 882, Page 7-8 


NEW X-RAY INSPECTION .. . unit 
with fluoroscopy 10,000 times bright- 
er than conventional types, is manu- 
facturer’s claim. Product will make 
possible 100 per cent production line 





60 CYCLE INDUCTION MELTING 
OF HIGH LEADED BRONZES 


15 years ago, THE CLEVELAND GRAPHITE BRONZE 
COMPANY, division of CLEVITE CORPORATION, pio- 
neered 60 CYCLE INDUCTION MELTING of bronzes with 
up to 35% lead. Special furnaces developed by AJAX 
for this difficult job are an important element in their 
unique continuous production line for steel-backed 
bronze bearing strip. 60 CYCLE INDUCTION MELTING 
furnaces resulted in substantial improvements and cost 
savings over gas-fired units used earlier for that pur- 
pose. Today, CLEVITE operates six continuous lines in 
this country and abroad with AJAX 60 CYCLE INDUC- 
TION MELTING furnaces, producing enough strip to 
make 130 million bearings and bushings per year. 


The heavy duty 60 cycle inductor developed by AJAX 
and pioneered by CLEVITE will attain a lining life of 
one year with bronzes of substantial lead content. 
Electromagnetic stirring assures uniform alloy and close 
temperature control. Compared to externally fired 
equipment, metal loss savings run into many thousands 
of dollars per year. Recently, several large producers 
of leaded bronze castings converted their foundries en- 
tirely to 60 CYCLE INDUCTION MELTING. 


While this is one of the most difficult metals to handle, 
the advantages of 60 CYCLE INDUCTION MELTING 
stand out today wherever copper alloys are melted. As 
specialists in 60 CYCLE INDUCTION MELTING, we have 
developed furnace types to best fill each application. 


We invite you to discuss your melting problems with us 
at the NATIONAL METAL SHOW, CLEVELAND, Oct. 27-31, BOOTH 1608 











Associated Companies: 


ENGINEERING CORPORATION 


TRENTON 7, NEW JERSEY 


60 CYCLE 


INDUCTION MELTING 


Ajax Electrothermic Corporation Ajax Electric Company 


Circle No. 962, Page 7-8 
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Jeffrey apron conveyors hustle new 
Charlotte-Spun® pipe from casting ma- 
chine to cleaning and inspection facilities. 


Jeffrey equipment has put soil pipe and fittings 
production on a fast track at Charlotte Pipe and 
Foundry Company’s new multi-million dollar plant. 


Production of cast iron soil pipe and fittings in 
this plant represents a major advance in foundry 
techniques. It involves a patented process using 
centrifugal force to distribute molten iron uni- 
formly within metal molds lined with sand. Elec- 
tronically-controlled machines produce smooth, 
seamless, easy-to-cut pipe. 


CONVEYING * PROCESSING * MINING EQUIPMENT ... TRANSMISSION MACHINERY . . . CONTRACT MANUFACTURING 


Machine-made fittings for cast iron soil pipe are made 
with a high degree of automation. . 


. Via time-tested 
Jeffrey foundry equipment. 


Charlotte Pipe meets challenge with 


automatic pipe foundry 


Jeffrey-built sand conditioning equipment, belt 
conveyors, leakproof apron conveyors and bucket 
elevators are stepping up efficiency by mechanized 
movement of sand, pipe and fittings at this new 
North Carolina foundry. 


Jeffrey engineering service will help make your 
foundry more productive, more profitable... with 
Jeffrey unit machines or a completely engineered 
foundry system. The Jeffrey Manufacturing Co., 
977 North Fourth Street, Columbus 16, Ohio. 





Circle No. 965, Page 7-8 
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quality control x-ray inspection, of- 
ficials state. Closed-circuit television 
image intensification system. General 
Electric Co., X-ray Dept. 
For Manufacturer's Information 
Circle No. 883, Page 7-8 


ELECTRIC FURNACE .. . bench 
type high temperature models feature 
chamber size which is long in rela- 
tion to its height and width, eliminat- 
ing “waste” space. Designed so that 





user need not buy over-size furnace 
to accommodate relatively long work 
loads. Power, 115 or 230 volts. Oper- 
ating temperatures, 2000 or 2300 F. 
Thermo Electric Mfg. Co. 
For Manufacturer's information 
Circle No. 884, Page 7-8 


ON-THE-SPOT LABELS . . . of metal 
or plastic possible with portable hand 
embosser. Makes permanent labels of 
any desired length with raised char- 
acters or letters on self-feeding metal 





or colored plastic strip housed in han- 
dle. Adhesive backing on both the 
metal and the plastic will stick firmly 
to any smooth surface. Roovers-Lotsch 
Corp. 


For Manufacturer's Information 
Circle No. 885, Page 7-8 


FOLD-UP SCAFFOLD .... all steel, 
light-duty, has 28-in. over-all width, 
is 5 ft high and has 4-ft plywood 
platform. Folds up neatly for hauling 
atop car. Platform may be placed on 


any rung desired. Bil-Jax, Inc. 
For Manufacturer's Information 
Circle No. 886, Page 7-8 


FINE SCREEN CLEANING ... by 
ultrasonic unit. According to manu- 
facturer’s tests, a U.S. 325-mesh 
screen used to sift silica sand (over 
100,000 apertures per sq in.) was 
completely freed of sticking sand part- 
icles in one min. Process consists of 
dipping screen into tank containing 
water and detergent and applying 
high-frequency vibrations. Narda UI- 
trasonics Corp. 


For Manufacturer's Information 
Circle No. 887, Page 7-8 








have you 
read... 





American Society for Testing Materials, 
Proceedings, Philadelphia, 1957, v 57, 
1430 pp. 

Herein are recorded the technical ac- 
complishments of the year, the reports, 
the papers, together with discussion of- 
fered to the society during the year. In 
the volume is the annual president’s ad- 
dress, “Our Expanding Technology and 
A.S.T.M.” On page 1409 is listing of the 
Society’s special technical publications, si : 
and elsewhere in the book are all the 
papers which were published in the 
A.S.T.M. Bulletin 


Gagnebin, Albert P., The Fundamentals 
of Iron and Steel Castings, The Inter- 
national Nickel Company, 1957, 78 pp. 

Book is concerned with the various 
grades of iron and steel, their character- 
istics, their mechanical properties and 
casting considerations. For the ferrous 
engineer, there are chapters on cast steel, 
on gray cast iron, white cast iron, mal- 
leable iron and ductile iron. Phase trans- 
formation and solidification is a distinct 
chapter. 









oe et eee 





Pearson, W. B., A Handbook of Lattice , eS a Y/) 

Spacings and Structures of Metals and ; . 7 ’ 

Alloys. Pergamon Press, New York, 1958, ; a a: — poe 2Ip E> 

1044 pp. : nee ca ee 
This is a reference work for the physi- 

cist and metallurgist. It examines the 

lattice spacings of the vast majority of 

binary and ternary alloys. The chapters 

are organized into two parts: I. Chapters 

dealing with x-ray investigation of metals 

and alloys. II. Chapters assessing the 

work done thus far in the field of x-ray 

of alloys in equilibrium. There is classify- 

ing of intermetallic phases according to 

structure type, while a separate alpha- 

betical index is set up for work on metals 

and alloys, another for work on borides, 

carbides, hybrids, nitrides and_ binary 

oxides. 


Light Metals and Alloys Standards, “We use only one chrome—refined charge chrome’”’ 


American Society for Testing Materials, 
Philadelphia. 1958, 320 pp. 
This compilation of A.S.T.M. Stand- ; : 
ards covers the methods for testing light Iron and steel foundry operators are cutting chromium costs 
metals. Not only those specifications and by using ELECTROMET’s new low-cost refined charge chrome 
methods of test which come under the 
jurisdiction of Committee B-7, but also 
those for die castings as prepared by . : ; ore ‘ 
Committee B-6, and those for aluminum high-carbon chromium alloy. It is ideal for use as: 
wire and cable for electrical purposes @ A charge material for basic-melted stainless steel. charge chrome are magnetic, allowing easy 
. sore . . R. g - re . ° ~@ 
as sponsored by Committee B-1. Among @ Final addit-ons for alloy steel castings. handling with an electromagnet. Crushed 


the general topics covered are: ingots, . 248 a's : wip 
castings, bars, rods, wire, shape Ss, forg- * ( upola or ladle additions for cast iron. sizes are available for ladle additions. 
ings, pipes, tubes, sheet, plate, wrought Refined charge chrome combines the economy of regular charge 


products, filler metal and electroplating. chrome with the maximum cleanliness and low residual 


Of the 51 standards, 36 are new, re- element content of conventional high-carbon ferrochrome. Flectromet 
vised or have had their status recently 


r facts »w refined charge chrome cz duce your costs 
changed.—A. C. Lohse For facts on he refined charge chrome ¢ in reduce your costs, FERRO-ALLOYS AND METALS 
contact your ELECTROMET representative. 


"¢. 
MS 







for all high-carbon chromium additions. Inventory, handling, 
and storage are greatly simplified by stocking only this one 


Convenient 20- and 40- pound pigs of refined 


ELECTRO METALLURGICAL gown ign, Division of Union : wi ite). 
Circle No. 964, Page 7-8 Carbide Corporation, 30 East 42nd Street, New York 17, N. Y. 
CARBIDE 






The terms “‘Electromet” and “Union Carbide” are registered trade-marks of Union ¢ irbide Corporation 


patent 
review 






@ For more information on the 
Osbrink Process, read the fea- 
ture article beginning on page 
22. 


R. H. Osbrink has patented his 
method of producing large, hollow, 
thin-walled non-ferrous castings. 

The method consists of producing 
the pattern as a sectional construc- 
tion, rather than as a large, single 
construction. Similarly, cope and drag 
flask sections are provided for each 









REICHHOLD PRODUCTS 


FOUNDREZ Liquid 


7101,7102,7103,7104 Resin 


FOUNDREZ Liquid 


7600,7601,7605 Resin 


TYPE FOUNDRY PROCESS OUTSTANDING FEATURES 






















High Hot Strength 
High Baked Strength 












CONVENTIONAL 
CORES 





Rapid Collapsibility 
Fast Bake 







Fig. 1 . . Typical thin-wall casting. 



















pattern section, rather than a single, 
C0- RELEES Oil Excellent large cope and drag flask. 
7300 , (Sand, Cereal, Sand Conditioning These smaller mold sections can be 


produced almost simultaneously and 
can have uniform green strength. 
The weight of individual sections 
is far less than the weight of the 
total, and is easier and safer to move. 








Binder, Water) 











coRCiment Oi 
7990,7991,7992,7993 


FOUNDREZ Liquid 


7150,7151 Resin ilaae MOLDS Unusual Stability 
FOUNDREZ | Powdered AND CORES 


7500,7504,7506,7555 Resin 


FOUNDREZ | Granulated (Dry Sand, Resin) 
7520 Resin 


Broad Baking Range 
Excellent Workability 









































Self-Activation 

















High Tensile Strength 
















Fig. 2 . . Sectional cope and drag. 











n Powdered 
C0 ROVIT Chemical SELF- Cu Hy NG Non-Toxicity Cores are placed in the drag 
7201 Accelerator mold sections before the sections 











are assembled into the complete 






COROVIT mam MOLDS AND CORES 


7202 (Dry Sand, Binder, Accelerator ) 


For further information regarding any of these materials, write our Foundry Products Division at White Plains 
cc REICHHOLD 


Your Partner in Progress 
FOUNDRY PRODUCTS 
FOUNDREZ— Synthetic Resin Binders 
COROVIT—Self-curing Binders - coRClment—Core Oils 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. Fig. 3 . . Detail of sectioned flask. 
Circle No. 963, Page 7-8 





Excellent Flowability 


















14 °* modern castings 





tion of clearances between the core 


and the mold 

Figure 1 illustrates a_ simplified 
typical casting to be produced by 
this patented process. Figure 2 shows 
the sectional mold with cope and 
drag sections 

Figure 3 shows an important de 
tail of the invention: the sides of 
he flask are cut away to the same 


Fig. 4 . . Pattern section and flask. 


general contour as the pattern but 
the cut-away edges will be covered 
with sand when the mold is rammed. 

Figure 4 (left) shows a pattern 
section and Fig. 4 (right) shows the 
pattern assembled in the drag flask. 
Interesting details are (33) vertical 
aligning pins and (37) the sand retain- 


= 


55 


Fig. 5 Core section and support. 


ing strip placed over the cut-away 
portion of the flask during ramming. 

Figure 5 indicates how the core 
sections (56) are supported by “ram- 
up” cores (46) anchored in the sand of 
the flask at the time of ramming. The 
ram-up core has a preformed vent 
passage which contains a wire which 





33 
_» 4 
ale 
Fig. 6 . . Partially assembled mold. 











extends through the sand in the flask. 
The wires are withdrawn after the 
flask sections are placed over the main 
core, leaving vent passages through 
the ram-up core and the mold. 

Figure 6 shows a mold complete 
except for the last cope section. 

Pat. No. 2,827,678 issued March 
25, 1958 to Raymond H. Osbrink. 


It’s a fact... 


Petro Bond” sand assures...Higher Quality 
Finish In Brass and Bronze Castings 


} A 


 - bonded with PETRO BOND use oil instead of 


water. 


PETRO BOND sands . . . produce less gas in the mold 
... therefore finer grain sands may be used resulting in 


smoother mold and casting surfaces. 


PETRO BOND sands are oil-wet and do not adhere to 
cast metal thus clean-up time is reduced. 
PETRO BOND sands are reusable with only infrequent 


remulling and rebonding. 


PETRO BOND sands have proved their superiority in 


scores of foundries. 


Write today for BOOKLET giving further information on the benefits gained by us 








BAROID DIVISION 
NATIONAL LEAD COMPANY 
332 South Michigan Ave., Chicago 4, Illinois 


“Registered Trademark Baroid Division, 
National Lead Company 


9 PETRO BOND by BARO/O 


PETRO BOND is available from dealers listed herewit 


Alabama—Foundry Service Co., Birmingham. California—Independent Foundry Supply Co., Los 
Angeles 22. California—industrial & Foundry Supply Co., Inc. of California, San Francisco 3 
INlinois—American Steel & Supply Co., Chicago 28 nois—John P. Moninger, Elmwood Park 
IHlinois—Steelman Sales Company, Chicago 4. Iilinois—Western Materials Company, Chicago 3 
iNinois—Marthens Company, Moline. Massachusetts—Klein-Farris Co., Inc., Boston 11. Michigan 
Foundries Materials Company, Coldwater. Michigan—Foundries Materials Company, Detroit 
Minnesota—Smith-Sharpe Co., Minneapolis. Missouri—Barada & Page, inc Kansas City (Main 
Office). Missouri—Mr. Walter A. Zeis, Webster Groves. New Jersey—Asbury Graphite Millis, inc., 
Asbury. New York—Combined Supply & Equipment Co., Buffalo 7. New York—G. W. Bryant 
Core Sands, Inc., McConnelisville. Ohio—The Buckeye Products Company, Cincinnati 16. Ohio 
The Hoffman Foundry Supply Co., Cleveland 13. Ohio—Stoller Chemical Co., Akron 20. Oregon 
La Grand Industrial Supply Co., Portland 1. Pennsylvania—Pennsylvania Foundry Supply & Sand 
Co., Philadelphia 24. Tennessee—Robbins & Bohr, Chattanooga. Washington—Carl F. Miller & 
Co., Inc., Seattle 4. Washington—Pearson & Smith Distributing Div., Spokane Pres-To-Log Co., 
Spokane. Wisconsin—interstate Supply & Equipment Co., Milwaukee 4. Canada—Canadian Foundry 
Supplies & Equipment, Ltd., Montreal, Quebec (Main Office) and To-> to, Ont 
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the only 


COMPLETE 


power-shift 
transmission 





in a tractor shovel of its size range . . . that 
has two speed ranges forward and two in 
reverse—the low range for digging power 
and close maneuvering—the high range for 
fast, economical travel in either direction. 
All shifting, forward or reverse, is an instant 
finger-tip action with no need to stop between 
range shifts. The torque-converter is carefully 
matched with the transmission and is the more 
costly and more efficient two-phase type that 
automatically becomes a thrifty fluid drive 
when torque multiplication is not needed. 
Transmission and converter also keep com- 
fortably cool because their oil is radiator- 
cooled. 


THE FRANK G. HOUGH CO. 
711 Sunnyside Ave., Libertyville, Ill. 


Send full data on the H-25 PAYLOADER. 
Name 
Title 
Compony 
Street 


City : Stote 
T-A-1-A 





.. geared for penetration 
.. geared for transportation 


This new PAYLOADE R has more 


hustle than you've ever seen in a tractor-shovel. It’s got every- 
thing to turn out big production all day long with the least 
operator effort and is the only machine in its class with complete 
power-shift transmission and power-steer. The carry capacity 
of 2,500 lbs. is 25% greater than has ever before been available 
in a tractor-shovel of its size and maneuverability, yet it easily 
goes in and out of boxcars with narrow 6-foot doors. 

Another valuable and exclusive feature is the power-transfer 
differential that makes traction more effective and reliable at 
all times because the wheel with the better grip automatically 
gets the most power. 


The H-25 is full of other plus features that mean more pro- 
duction, less maintenance and longer life: closed hydraulic 
system, wet-sleeve overhead valve engine, triple air cleaners, 
full-shift fuel capacity, 4,500 Ibs. of bucket breakout force and 
40° bucket tip-back, to mention only a few. 


Your Hough Distributor wants to show you how the greater 
capacity, speed and handling ease of the H-25 can cut your 
bulk-handling costs. Ask him about Hough Purchase and Lease 
Plans too. 


Modern Materials Handling Equipment ( » 


THE FRANK G. HOUGH CO. | KA 


LIBERTYVILLE, ILLINOIS 
SUBSIDIARY INTERNATIONAL HARVESTER COMPANY 
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| Fred J. Boenecker 
| of St. Louis Dies 


Fred J]. Boenecker, district rep- 
resentative, A. C. F. Industries, Inc 
St. Louis, and Membership Chai: 
man of the St. Louis Chapter, died 
Sept 6 

Boenecker had been active for 
many years in the St. Louis Chapter 
having served as ( hapter Chairman 
Vice-Chairman, Publicity Chairman 
and was serving his second vear as 





Fred J. Boenecker 


Membership Chairman. He was als 
Program Chairman of the 1955 Mis- 
souri Valley Regional Foundry ( 
ference 

Boenecker was also active in th 
affairs of other technical societies in- 
cluding — the American Society for 
Metals 

He was born and educated 
Mexico and became associated with 
the National Bearing Div., American 
Brake Shoe Co., St. Louis in 1927. 
working in the export and engin- 


neering departments. In 1940 he 
joined Bronze Alloys Co., St. Louis, 
as a sales engineer and later joined 
A.C. F. Industries, Inc 


Edmund D. Brack, Sr., 74, consult- 
| ant, Ajax Metal Div., H. Kramer & 
| Co., Philadelphia, died July 30. He 

was associated with the company for 
| more than 50 vears, and held a mem- 
| bership in the AFS Philadelphia Chap 

ter. 


| Daniel J. Jones, manager, sales and 
| service, New Jersey Silica Sand Co., 
| Millville, N. J., died Aug. 15. He 
| accepted employment with the com- 
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pany in 1944 after having taught 
science in Millville High School. Jones 
was a member and director, AFS 


Metropolitan Chapter. At the 
of his death, he was serving on the 
AFS Committee 8-] 


ties otf 


time 


Physical Proper 
Molding Mate 
rials at Elevated Te mperatures 


Iron Foundry 


Kenneth Cooke Brownell, 55 
man of the board 
& Refining Co.., 
Aug. 4 


1927 


chair 
American Smelting 
New York, died 
He joined the company in 
and was elected president in 


1949 and board chairman in 1957. 
Brownell was also director, Revere 
Copper & Brass Inc New York 


Herbert C. Geittman, Jr., sales rep 
resentative, Climax Molybdenum Co., 


Div American Metal Climax, Ine., 
New York, died recently. He had 
been with the company since 1955. 


Hugh Pope, assistant manager, East- 
ern Malleable Iron Co., Naugatuck, 
Conn., died Aug. 8. He was a mem- 
ber, AFS Connecticut Chapter. 


a 
versal 
Mich.., 
bership in the 
Ch ipter 


Hallberg, vice-president, Uni- 
Camshaft Co., Muskegon, 
died Sept. 5. He held a mem- 
AFS Western Michigan 


C. Franklin, supervisor, Melting Dept., 
Campbell, Wyant & Cannon Foundry 
Co., Muskegon, Mich., died recently. 
He was a member, AFS Western 
Michigan Chapter 





Now There’s an Idea. . 


Marble practice in a foundry. The 
men who will do the pouring of 
nolten metal at Link Belt Compa- 
ny's new 


foundry in Indianapolis 


are using ordinary glass marbles to 
get the “feel” of new equipment. 
The spheres simulate the action of 
molten metal, giving operators the 
practiced touch needed to pour 
metal for quality castings. 











Metallurgists and Technicians... 


HERE’S THE 


LAB MULBARO 


4 IDEAL FOR EXPERIMENTAL SAND MIXTURES 


¢ LOW COST 


¢ NEW PLOW DESIGN 


4 EXACT CONTROL OF SAND PROPERTIES 


@ NEW LARGE INSPECTION DOOR 





4 NEW TILTING MECHANISM 
¢ NEW OPERATING EASE 


New plow design, scientifically contoured mulling 
bowl, and rubber-tired mulling wheels assure 
thoroughly mulled sand batches which very closely 
duplicate molding and core sand mixtures 

prepared by production Speedmullors. The new 

Lab Mulbaro provides close laboratory control of 
sand preparation and permits practical, low cost 
experimentation with the many new binders. 

Mulitrol is available for batch after batch uniformity 
through precise control of the mulling cycle. Lab 
Mulbaros quickly pay for themselves through 
improved sand control, improved sand properties 


and the ensuing improvement in casting quality. 






















Tilting mulling mechanism and 
removable mulling bowl make 
the new Lab Mulbaro the 
ideal foundry tool... easy 


to use, easy to clean. 


Div. Pettibone Mulliken Corp. 
























































































































































































































































Write today for 
complete information 
Beardsley & Piper 








2424 N. Cicero Avenue 
Chicago 39, Illl. 
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Electric resistance holding furnaces for aluminum 
have been a specialty of Lindberg engineers for 
years. These furnaces have proved themselves in 
superior operation in varied industries, the world 
over. Now Lindberg offers a complete line, newly- 
designed, available in capacities of 1,000, 1,500, 
2,000, and 3,500 Ibs. If your production processes 
require proper holding of aluminum you can de- 
pend on Lindberg to provide just the right equip- 
ment for the most efficient and practical answer 
to your problems. 

Lindberg makes a wide variety of melting and 
holding furnaces for aluminum, brass, bronze, 
tin, zinc, lead and other non-ferrous metals. 











These include aluminum induction, nose-pouring 
crucibles, electric resistance holding furnaces and 
big reverbs. For foundry, permanent mold or 
die-casting plant, independent or captive, there 
are Lindberg melting and holding furnaces to 
fit every need. 

If your problem in this field needs a special solu- 
tion Lindberg’s design staff can find it. Just get 
in touch with the Lindberg plant or the Lindberg 
Field Representative in your locality, or write 
Lindberg-Fisher Division, Lindberg Engineering 
Company, 2440 West Hubbard Street, Chicago 
12, Illinois. Los Angeles Plant: 11937 South 
Regentview Avenue, at Downey, California. 


é R &r heat for industry | 
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thank you, sir! 


@ | have just had the opportunity 
of seeing a copy of your July issue 
and the article “Saving Capital.” 

The manner in which you have 
written and illustrated the  artick 
shows a good deal of imagination 
and is one of the best presentations 
I have seen in a trade magazine 


Lr. Gen. Cuarces B. Stone, III 
(Ret) 

Chairman of the Board 

U.S. Leasing Corp 

San Francisco 


come, come to the fair 


@ Looking through the registratio 
for the International Congress to 
be held in Brussels-Liege, I note 
that very few have been entered 
from your country. 

Your participation in the last In- 
ternational Congress organized in 
Brussels in 1951 included such a 
large and brilliant delegation that we 
were expecting for this year a larg 
number of foundrymen from the 
States, especially when considering 
that the Atlantic crossing has beer 
so much improved since 1951. We 
are consequently somewhat disap 
pointed to see that our hopes were 
not justified. 

I would have liked to have been 
present at your convention last May; 
this would have given me the op- 
portunity to personally invite Amer- 
ican foundrymen to attend the In- 
ternational. Unfortunately, this was 
not possible and I have to content 
myself in submitting by correspond- 
ence some arguments which may 
convince members of AFS to parti- 
cipate in our next International Con- 
gress. 

Even though business affairs ar 
somewhat more difficult presently, 
are not leaders of the American 
foundry industry people looking cold- 
ly towards the future and knowing 
pertinently that better years will fol- 
low? 

Their presence at our Congress 
will constitute an official demonstra- 
tion of an optimistic attitude towards 
general business and world condi- 
tions for all our friends in Europe 
who may feel somewhat abandoned. 

I can assure you that from the 
technical viewpoint, the papers 
which have been received are of 
the highest value and that exchanges 














of opinions will not fail to be ol 


interest. Simultaneous translation of 


the presentation of reports will en- 
tirely solve language problems 

I am indeed sorry not to be in 
a position to present these 


orally; but 


arguments 
although a written in 
vitation is not as warm as a verbal 


one, please feel assured that our 


welcome will be in keeping with 
vou in large number with us from 
Sept 29 to Oct. 3. 


Rosert Doat 
Association Technique de 
Fonderie de Belgique 


Brussels 


a final salvo 


“Co-Insurance — 80% of What?” an 
article on fire insurance by Kenyon 
D. Love drew some heated replies 
which were published in the May is- 
sue. One reply was from E. I. Morris, 
Morris Agency, South Orange, N. J 
The following is a reply from the 
author, Mr. Love, to Mr. Morris. 


@ The sentence on the basis of a total 
loss taken out of context and used by 
Mr. Morris perhaps needs to have 
said about it. The 
concerned a partial loss and the gen- 
eral idea is that if you do not keep 
your insurance up to at least 80 per 
cent of the value to be appraised as it 
was just before the loss, then the 
company would want to pay a per- 
centage of the loss. 

If you carried only fifty per 
the company would pay only half the 
partial loss. If you had a total loss the 
company would have to pay the full 
amount of the insurance in those 
states enjoying the legislation requir- 
ing it as in the Old Land Mark case 
in Ohio: Queen Insurance Co. v. Les- 
lie 47 OS 409. It was held that “The 
statute in Ohio requires the insurer 
to pay the policyholder the full sum 
written in the policy, in case the loss 
is total . . . any provision in a policy 
for an appraisement or arbitration of 
the amount of any loss is rendered 
inoperative .. .” 

There are other cases, but the point 
is that there is no use buying a po- 
tential law suit. Either have an agreed 
upon value, or insist on straight in- 
surance. In cases where the appraised 
value is much higher than the price 
you would have to pay for similar 
facilities today, buy straight insurance. 

You don’t have to be an expert to 
use good common sense. I did not ad- 
vise anyone that I was an insurance 
expert, and I don't believe it was 
mentioned by Mopern CASsTINGs, 
either. 








more discussion 


cent, 


Kenyon D. LOvE 
Colonial Foundry Co. 
Louisville, Ohio 






















Superior Foundry, Inc., Cleveland, 
Ohio. Here, quality control and 
craftsmanship together produce 
consistently fine castings at lowest 
possible cost. 


sa 


Complex castings ranging from 10 to 2200 Ibs. are 
produced by Superior Foundry for numerous auto- 
motive, air-conditioning, and road building equip- 
ment manufacturers. Illustrated is an intricate 
compressor housing with critical internal dimensions 
and thin wall sections. It is typical of the Tiffany- 
like work performed by Superior Foundry, and 
emphasizes the need for uniform sand mixes. 


2 BiGE 








hg 
i 
is 


"7 






LE 


oe eed 


TALL a 


mnt 


greetuent lui 















Quality is the watchword 
up and down the line at 
Superior Foundry, Inc., 
Cleveland, Ohio, where a 
system of statistical qual- 
ity control supplements 
individual skilland ingenu- 
ity —intercepts errors and 
puts them in check before 
they can multiply. Control 


is centered in three primary areas: (1) Metallurgy (2) Pattern Design 


(3) Sand Mixture. 


Accurate control of the molding sands is maintained through the 
use of statistics, In other words, Superior Foundry has learned to 
duplicate successful sand mixes and apply them scientifically on 


repeat, or similar, orders. 


Important to casting quality is the uniformity of the ingredients 
introduced into the facing and system sands. That is why uniform 
ADM-FEDERAL CROWN HILL SEA COAL and GREEN BOND 
BENTONITE have been specified for years by Superior Foundry. 


Call your ADM-FEDERAL Representative today; ask for a 
demonstration of CROWN HILL SEA COAL and GREEN BOND 
BENTONITE in your foundry. 


archer Baniels Midland company 


FEDERAL FOUNDRY SUPPLY DIVISION 
2191 West 110th Street +» Cleveland 2, Ohio 


ADM-FEDERAL ADM-FEDERAL ADM-FEDERAL CROWNHILL GREEN BOND 


manufacturer? of ~ 


LINOIL 
















































Mullers supply molding machines with seven basic facing 
sand mixes. CROWN HILL SEA COAL and GREEN BOND 
BENTONITE are introduced in varying amounts to correspond 
to the specific mold requirements 
































































Sands are reconditioned by removing fines in this sand scrub- 
ber. Reclaimed sand is reused in the facing sands. This 
scrubbed sand is also used with perfect results in the core 
room where LINOIL is employed as a binder and ADM.- 
FEDERAL REFRACTORY CORE WASHES are used. 


CROWN HILL SEA COAL 
is carefully graded into 
six distinct grinds. It is 
uniformly high in volatile 
combustibles and ex- 
tremely low in sulphur 
and ash content. Through 
rigid control of these 
characteristics CROWN 
HILL SEA COAL offers the 
ultimate in dependability, 
performance, and uni- 
formity 





GREEN BOND BENTON 
ITE, the purest of Western 
bentonites, provides the 
high degree of quality 
and consistency needed in 
shops like SUPERIOR 
where statistical quality 
control is employed. This 
material is unmatched in 
its natural bonding power 
with maximum perme- 
ability. 

















ADCOSIL LIN-O-SET 


Core Washes Plumbegos Sand Stabilizers Sea Coal Bentonite Core Oils COz Binders Air-Setting Binders 
SAVE!...MAKE UP A CAR OR TRUCKLOAD OF ARCHER QUALITY PRODUCTS 
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New Nemco Foundry 


@ Pouring the first aluminum castings 
in the NEMCO Foundry this summer 
ey marked the completion of another step 
in the expansion program of Nelson 
Electric Mfg. Co., Tulsa., Okla. 
The Oklahoma manufacturing 


“ * company recently moved into its new 

100,000 sq ft plant and office build 

Aluminum WGN OCIA ing. The foundry building, located in 
the downtown industrial district, was 


rebuilt and enlarged year before last, 
Sram CHAS: TAVZLQR 


following a disastrous fire. 
Within the past several months, dur- 


ing a recession period in which many 










PROPERTIES OF 


TAYCOR-99 





Weight per cu. ft 186 Ibs. 
Porosity 19-21% 
Modulus of Rupture Over 4000 psi. 
Permeability 0.08 cu. in 
sq. in./in./sec. @ 1 psi. / 
\ 7 Aluminum for the first castings in NEMCO 
Foundry’s new non-ferrous metals section is 
‘\ 4 poured by Bob Sullivan, foreman 


businesses reduced the scope of their 


TAYCOR-99 is composed of 99% aluminum oxide having extremely high operations, the NEMCO Foundry ad- 
density and low porosity. This new Taylor super-refractory has a P.C.E. of ded a non-ferrous metals section to 
Cone 42 (3659°F.), is volume stable at high temperatures, and exceptionally their casting facilities. Nelson manage- 
Von é J 2 Olume stabie at high temperatu! ana exception . 

resistant to attack by basic slags and fluxes. It has outstanding strength and ment, looking forward to a predicted 


boom in the industrial electrical mai 
ket, took advantage of the adjustment 
period to prepare for the enlarged 


Use TAYCOR 99 for: market. Booming new industries such 


as guided missiles are requiring more 


resistance to abrasion and erosion. Available as standard series brick and 
special shapes 


@ Metallurgical furnaces operating at higher-than-normal temperatures. and more aluminum castings. The 
@ Hearths and sidewalls of aluminum melting furnaces demand for lighter and more compact 
@ Hearths and skid-rails of steel heating furnaces. cysipment is continneny icosssing. 
© Magnesium cells The new facilities for pouring non- 
: ferrous metals are housed in a build- 
@ High temperature chemical reactors. ing adjacent to the NEMCO gray iron 
@ Piers, arches and other supporting construction in furnaces where foundry. 
heavy loads and severe conditions exist. Brass and bronze as well as alumi- 


num will be cast. Three new gas- 
fired furnaces are employed togethe: 
with a “continuous pour” production 
line. Two of the furnaces have 80-Ib 
capacity and the third can melt 300 
lb. A new compressor, storage tank 
and blower system feeds fuel to the 
furnaces. The COz core and molding 


‘\The CHAS TAYLOR SONS C, process which has provided better fin- 
\ . : 


ish and closer tolerance on cast iron 
A SUBSIDIARY OF NATIONAL LEAD COMPANY 


castings will also be used for casting 

Gu 5S Pat OFF € 
REFRACTORIES SINCE 1864 * CINCINNATI * OHIO « U.S.A non-ferrous metals. 

Circle No. 971, Page 7-8 


Investigate this newest product of Taylor refractory research—and the com- 
plete line of Taylor mullite, alumina and zircon refractories—for greater pro- 
duction economies. For detailed information, write direct or call in the Taylor 
field engineer in your area 





Exclusive Agents in Canada: 
REFRACTORIES ENGINEERING AND SUPPLIES, LTD. 
Hamilton and Montreal 
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NEMCO Foundry has been casting 
Uray-1ron explosion-proof enclosures 
for its parent company, Nelson Elec 
tric Mfg. Co., since 1946. Even the 
large st electrical enclosures used by 
Nelson can now be cast in aluminum 
In addition the foundry does general 
jobbing work, producing castings 
ranging from 2 ounces to 7000 Ib for 
industries throughout a region cover 
ing several states 

Emmett Hines is foundry managet 
Robert B. Sullican—section foreman. 


product report... 


Hot shakeout sand 

350-500 F, does no harm to heat 
resistant rubber conveyor belt  rein- 
forced with glass fabric. The Solarflex 
belt, manufactured by B. F. Goodrich 
Industrial Products Co., Akron, Ohio 


was installed two vears ago at Texas 
Foundries, Inc., Lufkin, Texas. Offi 
cials state the belt has already last 
ed seven times longer than _ belts 
formerly used, and is expected to 
give good service for another two 
vears. Company engineers estimate 
glass fabric belt has already saved 
$3500 in belt replacement costs. In 
addition, the belt has eliminated 
down-time losses which previously 
cost 2-1/2 tons of production every 
time a belt required replacement. It 
travels 8O ft per min and carries 20 


tons an hr of hot shakeout sand. 


For Manufacturer's Information 
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Occupational dermatitis 

. was relieved for all but four of 320 
workers suffering from skin eruptions 
by use of Lixoil, a liquid hand cleanser 
made by Lixoil Laboratories, Bos- 
ton. Dr. F. C. Combes, M.D.. re 
ports results of this survey in New 
York Physician and American Medi- 
cine. He states the cleanser is effective 
not only in treating but in preventing 
oil dermatitis and_ folliculitis. New 
product was tested against 50 other 
products involving use of fluorescent 
cutting-oils, and “has been found the 
sole detergent removing all fluorescent 
material from the skin.” 


For Manufacturer's information 
Circle No. 945, Page 7-8 


Made by REDA PUMP CO., Bartlesville, Oklahoma 


OO; AND 20 SECONDS MADE THIS CORE 


Can you make an intricate pump diffuser core like this—in 20 seconds? You can if you use COz. 


The COz process insures accuracy and dimensional stability. At the same time, it saves 


money by reducing labor costs and by eliminating the risks involved in baking and handling. 


Write for our free report on other applications of the COz2 process. Our engineering staff 


is always ready to work with you. 


World's Largest Producer of 


LIQUID 
CARBONIC 


DIVISION OF GENERAL DYNAMICS. CORPORATION 
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@ On more than one occasion, our 
@ competitors have implied that 
what we do is impossible. We don't 
believe it, and neither do our cus- 
tomers. But perhaps you will when 
I state that we: 

@ Are using more or less conven- 
tional metal patterns and green 
sand molds in the production of 
aluminum and magnesium castings 
with wall thicknesses down to 0.050 
in., as-cast tolerances of + 0.0050 
in., and 100 rms or better micro- 
finishes. 

® Consider it good design practice 
to specify 1/64-in. minimum fillet 
radii and maximum draft angles 
of 1 degree. 

® Can produce intricate thin-walled 
magnesium castings with lengths 


22 ° modern castings 


1000-mile range missile launched 
with aid of 115,000-lb rocket boost 
uses several ‘impossible’ castings. 


WE CAST THE IMPOSSIBLE . . . 


light metal castings with 
0.050-in. wall thickness 


over 189 in. and widths over 129 
in. without a great loss of preci- 
sion due to shrinkage. 

@ Have saved time, weight, and 
money for our customers by pro- 
ducing very large castings for us- 
age in place of built-up sheet metal 
assemblies. 


Tricks of the Trade 


Of course, we have our gimmicks. 
Some of our molds, for example, 
are made with synthetic binders 
and are “green” only in the sense 
that they don’t have to be baked 
before they are used. 

However, much of what is called 
the “Osbrink process” is a matter 
of practical experience, common 
sense know-how, and attention to 
small details that many foundry- 
men have failed to consider. For 
instance, we have discovered that 
large unwieldy fillets on castings 
merely induce shrinkage inequali- 
ties and—contrary to popular be- 
lief—do not make junctions strong- 
er. 

Excessive draft should also be 


avoided because it tends to induce 
structural weakness due to uneven 
shrinkage. 

Regarding such things as dimen- 
sional precision and ultra-thin 
walls, we share the view of most 
foundrymen that too much quality 
means too much expense. But we 
probably differ widely in our inter- 
pretation of the expression “too 
much.” 

As a rule, customers are not ad- 
vised to specify 0.0050 in. toler- 
ances where 0.020 in. or 0.010 in. 
will be adequate. On the other 
hand, very close tolerances are de- 
sirable where the cost of extensive 
machine work can be saved in the 
course of a long production run; 
undesirable where quantity re- 
quirements are so small that cast- 
ings can be machine finished for 
less than the added cost of close- 
tolerance patterns. 


Thin-Walled Castings 
The answer to the question of 
whether thin-walled castings are 
structurally reliable depends a lot, 


of course, on methods used in de- 
signing and producing the parts. 
In our case, static tests have shown 
that such castings can have an 
extreme minimum strength factor 
of about 160 per cent of design 
load and that the general minimum 
strength factor is approximately 
190 per cent. Further, there have 
been instances when static strength 
was much more than twice the de- 
sign load factor and fatigue tests 
have indicated that parts usually 
have double their design life ex- 
pectancy. 

Accordingly, designers can attain 
much greater weight savings in 
our castings by specifying higher 
strength allowables and corres- 
pondingly fewer sections—thus tak- 
ing advantage of the continuity 
which permits integrally cast struc- 
tures to have reduced cross-section- 
al areas of internal bracing. 

Following are some of the more 
interesting examples of the large 
thin-walled castings we have suc- 
cessfully produced for our custom- 
ers in the aircraft and missile fields: 





ECISIOM SAND CAST 





“Impossible” castings destined for high-flying serv- 
ice in Jupiter C, BoMarc and Regulus II missiles 


a) Outboard wing panel for th 
Regulus I missile: With its 69 in. 
leading edge and 76 in. between 
its leading and trailing edges, this 
component had an area of about 
28 sq ft. Minimum skin thickness 
was 0.20 in. inboard and tapered 
to 0.130 in. outboard. Between the 
skins were integrally cast beams 
and stiffening ribs with thicknesses 
comparable to those of the skin, 
and an integral wingfold hinge. The 
casting was made from AZ-63-A T-2 
magnesium, and had an as-cast fin- 
ish equivalent to a 125 rms ma- 
chined finish. It weighed 163.3 Ib, 
or 65.2 Ib less than a correspond- 
ing built-up assembly; and it saved 
about 460 assembly hours, more 
than 48 hours of paperwork issu 
ing time, and the cost of an esti 
mated 2000 fasteners 

b) Air intake duct: This wa 
about 22 in. long, 18 in. wide, and 
24 in. high; required rib and duct 
walls that were 0.10 in. thick. It 
was made by casting ZK-51-A, a 
zirconium-magnesium alloy, and 
saved at least half of the cost of 
a built-up sheet metal counterpart. 

c) Airborne dip sonar reel: This 
was 24 in. high, 20 in. wide, and 
20 in. deep; comprised a frame, 
reel, and end housing. It required 
walls and ribs that were 0.10 in. 
thick, and a 0.250 in. thick base. 


Cast from magnesium, it weighed 
13 Ib less than a previously used 
assembly. 

d) Gun blast tube: 
thickness averaging about 1.250 in.; 
was made by casting 
with the thought that hard anodiz- 
ing would allow it to replace a 
relatively heavy stainless steel part 
\ periphery skin step was cast to 


This had a 


aluminum 


fit the contour of the plane, so 
that no machining would be re 
quired prior to installation. (Tests, 
incidentally, have since shown that 
the aluminum casting satisfactorily 
withstands firing shock and fume 


corrosion 


Design Advice 


In order to make intricate cast 
ings with maximal precision and 
economy, it is often necessary to 
help customers with their design 
problems. Recommendations natu- 
rally vary, but we usually find that 
the following points deserve utmost 
emphasis: 

1) Minimize costs by showing on 
each casting drawing the widest 
limits of acceptability. 

2) Use a central locating point 
for dimensioning, checking and 
machining in order to eliminate 
misunderstandings and costly con- 
fusion. 

3) Use offset ribs or webs when- 





evel possible in order to lessen the 
possibility of flaws and deforma- 
tions due to shrinkage. 

4) Apply close tolerances to ex- 
ternal surfaces, not across parting 
lines or in cored areas if this is 
avoidable. 

Eliminate the need for expen- 
sive pattern changes by employing 
development tolerances, when prac- 
tical, and indicate the widest possi 
ble dimensional 
piece to piece. 


variation from 


6) Use a maximum piece part 
or casting weight, rather than close 
tolerances on wall thicknesses, for 
weight control—showing an abso 
lute minimum dimension for struc- 
tural adequacy—if possible. 

7) Specify heat treatments only 
where strength requirements can- 
not otherwise be met, and minimize 
the probable need for costly 
straightening due to distortion 


Pattern Requirements 


Most of our patterns are made 
by firms that have demonstrated 
ability to meet exacting require- 
ments. As one of our suppliers re 
cently put it: 

“The patterns we make for Os 
brink are practically the same as 
those for other customers, the only 
important difference being the car 
In oth 
closer dimensions are 


with which they are made. 
er words, 
specified and the company is will 
ing to pay for better work.” 

Our equipment setup from flask 
to core box has been functionally 
engineered to expedite production 
with a minimum chance for hu 
man error. Special care is taken to 
have all dimensions in close rela 
tionship to one another cast en 
tirely in either the cope or th 
drag side of each mold. 

Identifving recesses on the part- 
ing lines of core boxes indicate out 
of-tolerance boxes when they are 
obliterated by strike-off. All equip- 
ment for precision castings—includ- 
ing patterns, core boxes, and spe 
cial jigs or fixtures—are painted 
red to remind workers that the 
careful handling 


should receive 


Precision Molding 
The flasks used are specially de- 
signed truss structures which give 
minimum deflection when fully 
rammed, yet have relatively little 
weight. They are carefully matched 
to patterns and boards in order 


eS 


This electronic part was originally fab- 
ricated from machined stock and jig-bent 
deformation 


tubing. 
in final assembly welding was high. 





toleran 


to preserve specified 
when molds are finally assemble: 

Aside from binding media, mold 
and core sands are more or less 
standard materials with additives 
like borax to prevent burning and 
other undesirable phenomena 
Where aluminum must be cast 
sand mixtures are used with either 
natural or synthetic binders—de 
pending on quality requirements 
But for magnesium, nothing is used 
but mixes consisting of synthetic 
binders. 

As previously noted, molds are 


nevel baked. 


baked and we were 


However! cores are 
among the 
first to use dielectric heating equip 
ment to get such work done in a 
hurry without a sacrifice of quality. 
All cores are given a careful visual 
inspection, and critical cores are 
checked with special fixtures 

Use ol special locating tools as 
sure the proper placement of cores 
for precision castings. Internal sur 
faces with 100 microinch finishes 
have been obtained where such 
quality was mandatory. 

In some cases, molds and cores 
re finished with carbon-producing 


Redesigned for Casting 


AIRCRAFT COMPONENT 


Internal louvres of aircraft air 
scoop formed and riveted in place. Note 
stiffener required to reduce flutter. 

































Louvres integrally cast with 
housing. Stronger vanes have 
eliminated need of stiffener 





rate due to 








Castings produced with these green sand 


nolds will replace sheet metal assemblies 


Dielectric core oven speeds core baking 
without sacrificing the required quality 


+ = - 
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Part: Outer Panel for Regulus Missile 


Built-up Assembly Cast Assembly 
Weight 228.5 Ib 163.3 Ib 
Fasteners 2053 minor 
Paper work 750 pieces 6 pieces 


48 hours issuing time 30 minutes issuing time 


Details 125 5 
Assembly time 470 hours 11 hours 
Area 28.3 sq ft 28.3 sq ft 


Chance Vought Aircraft Gets Real 
Economy from Impossible Castings nesium castings used in Chance Vought missile 


S. K. Hodgson inspects assembly of thin-wall mag- 


® Chance Vought Aircraft Inc., Dallas, Texas, is one of the Osbrink cus- 
tomers that has realized savings in manufacturing costs by replacing sheet 
metal assemblies with thin-walled light metal castings. 

Manufacturing complexity of build-up assembly vs. assembled castings 
tor two Chance Vought aircraft components is compared in the following 


Speed Brake for F7U-3 Cutlass 


Built-up Assembly Cast Assembly 
Weight 35.55 |b 30.48 Ib 
Fasteners 750 8 
Paper work 324 pieces 78 pieces 
21.1 hours issuing time 4 hours issuing time 
Details 54 13 
Assembly time 64 hours 2.5 hours 

















Test Bar Diameters 


1/4" 8" 
7 












| 
| 














“«” 
Miremum Tensile Properties For AZGi HTA Megnesium \" 
Cestings With Thickness Produced By Osbrink 45 T 
Kips ' 
Tensile Data For 356 T6 
Aluminum Bors Cast By 
4 Osbrink 
é 40 ' 
> Kips 
ce 
. 
a“ 
L4 
a 35 + 
& Kips 
2 
30 
Kips 
| . 
+ 1 - + + t 
| | ‘ 
' | ' 
— hin onl a* 
0 ttt § 
28 
| | j & 
l L o~ 
a 6 19 2 











Navy’s supersonic F8U Crusader 
built by Chance Vought uses this 
magnesium thin-wall casting. 


S. K. Hodgson, staff engineer 
for Chance Vought reports that 
one of the most interesting Chance 
Vought castings applications is an 
assembly of seven magnesium cast 
ings tor the Regulus II missile. This 
assembly is shown on page 24. The 
large scoop is AZ-63ACS, 0.25 in. 
thick. All other castings in the as 
sembly are AZ-91-T6, 0.20 in. thick. 


Osbrink Mfg. Co. made this casting 
for Navy F8U jet aircraft and all 
other parts shown in this section. 





flames. Sometimes hard-baked ta 
pered-ring cores are placed in ris- 
ers and rammed up in the molds 
Closefitting tapered plugs are in- 
serted in the cores to seal out met 
al. When molten metal reaches 
the plugs they are quickly removed 

allowing the metal to fill the ris- 
ers. Purpose of this is to build up 
momentary back pressure in mold 
aiding thin sections of the mold to 
fill properly. 


Quality Control 


Melting procedures in general 
conform with the recommendations 
of the major producers of aluminum 
and magnesium alloys. Crucibles of 
minimum size are always used to 
assure maximal pouring facility and 
close temperature control. 

Test bars are not made at 
each pouring, but at intervals—one 


being produced each time a test 


What Makes 
The “Impossible” 
Possible? 


® Raymond H. Os- 
brink, author of this 
article, has patented 
some of the tech- 
niques and equip- 
ment used to produce 
the thin-wall light 
metal castings he has 
described here. 

illustrations and in- 
formation extracted 
from the patent may 
be found in the Pat- 
ent Review, page 17, 
of this issue. 


@ To obtain single additional copies of this 
article, circle A, 
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Reader Service card, page 


slug is made for chemical analysis, 
or about 20 times daily. 
before 


Castings are inspected 


gates and runners are removed, 
during cleanup operations, and aft 
er heat treating when required. All 
reliable types of modern inspection 
equipment are used, as necessary, 
to maintain customers quality 
standards. 

Castings are heat treated in sev- 
en high-velocity-air electric furnac 
es and two low-temperature ovens 
for aging aluminum 

Micrographs of test bars have 
repeatedly indicated that our meth 
ods tend to reduce the coarseness 
of metal grain structure with each 
reduction in diameter or cross-sec 
tional thickness. Results of this im- 


provement in grain are reflected 


by the following typical data for 


356 T6 aluminum bars: 


PHYSICAL PROPERTIES 


Actual size (diameter) 

Yield Point (actual load in Ib) 
Yield Point (psi) 

Tensile Strength (actual load in |b) 
Tensile Strength (psi) 

Elongation in 2” 

Elongation per cent 
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Here is a plan which encourages 
workers to join management in halting 
expensive waste of time and effort 


@ WORK SIMPLIFICATION is 
athe organized use of common 
sense to eliminate waste of time, 
effort and material. The greatest 
obstacle to simplifying work is not 
usually technological difficulties but 
rather arises from the mental atti- 
tude of persons who feel they are 
already using the best possible 
methods. 

Today our best methods and in- 
dustrial engineers are failing in 
methods improvement—not because 
of the technological aspects of a 
iob, but because workers are not 
willing to accept changes. The 
workers can hardly be blamed how- 
ever in view of being subjected to 
many changes in which they cannot 
participate or even foresee. Further, 
many of the changes deprive them 
of those things which give meaning 
and significance to their work. 


What It Is 


For these reasons, many compa- 
nies are turning toward Work Sim- 
plification, an organized program 
of improvement developed some 
twenty years ago by Allan H. Mo- 
gensen. Using the principles of mo- 
tion economy and a_ philosophy 
based upon good human relations 
he developed it into a program 
whereby all the members of an or- 
ganization might participate. 

Work Simplification, as defined 
by Mogensen, is “the organized use 
of common sense to find easier and 
better ways of doing work”. The 
steam engine, plow, spinning wheel, 
and a young boy cutting across a 
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field between his school and home 
are examples of common sense 
ideas put to work and indicates 
Work Simplification is not new. 
Unfortunately, there are tco 
many people who at first glance in- 
terpret the term Work Simplifica- 
tion as meaning: speed up, work 
harder, big company profits, no fair 
share for me, and work yourself out 
of a job. Work Simplification is 
none of these but instead it is a long 
range, continuous, carefully organ- 
ized program with the consultative 
approach, which requires two 
things: 
@ First, the belief that employ- 
ees have ideas that are worth- 
while, 
® Second, the humility to con- 
sult such employees about their 
ideas. 


The Approach 


Why, then is this job so difficult? 
A rational approach suggests that 
there are three ways of getting 
results through people. The first 
technique has been used for a very 
long time and is called the “tell 
them” approach. Everyone is prob- 
ably familiar with the dictatorial 
manager who rules his subordinates 
with an iron fist; who never both- 
ers to explain “why” and who has 
his mind made up regardless of 
what others may suggest. 

The second technique is the “sell 
them” approach. Within the last 
few years, efforts have been made 
to sell people on the need for in- 
creasing productivity and far bet- 


Epear F. Pierce / Work 
Simplification Engineer 
Lynchburg Foundry Co. 

Lynchburg, Va. 


ter results are being obtained than 
by the “tell them” approach. Also, 
enterprises are doing a much bet- 
ter job of explaining time study, 
wage incentives, job evaluation, 
etc., and are finding that it pays off. 

However, management feels the 
best results are obtained when they 
use the third technique, “consult 
them.” This approach is well illus- 
trated by experiments conducted 
at Western Electric Co. in 1924. 

There, researchers discovered 
something far more important than 
hours or wages or physical condi- 
tions: something which increased 
output no matter what was done 
about physical conditions. By con- 
sulting with a group of girls assem- 
bling telephone relays, they were 
able to boost output to an all time 
high. This “thing” which increased 
output was not in the production 
end of the factory but in the hu- 
man end. It was an attitude, the 
way the girls felt about their work 
and their group. By asking their 
help and cooperation, the investi- 
gation made the girls feel impor- 
tant. Their whole attitude changed 
from that of separate cogs in a 
machine to that of a congenial 
group trying to help the company 
solve a problem. They found sta- 
bility, a place they belonged and a 
purpose they could clearly see. 

Five Steps 

Our basic problem in the plant 

is the elimination of waste—waste 


of time, energy and material. An 
organized program of Work Simpli- 





im 


fication provides a five step pat- 
tern for improving your foundry 
operations. These five steps are: 

1. Select a job to improve: Those 
to look for are bottleneck jobs that 
require too much time, high cost 
jobs, and jobs requiring chasing 
around for materials and tools. 

2. Get the facts: This step is 
quite often overlooked. There are 
many ulcers developing today be- 
cause foundry managers are re- 
quired to make decisions without 
all the facts or with vague infor- 
mation. If a process is written in 
sufficient detail, in its existing se- 
quence, and is clear, then, and 
only then, can management success- 
fully think about it. In the Work 
Simplification program, three charts 
are employed to assist in breaking 
down a job. These charts are: (1) 
Flow Process Chart, which empha- 
sizes distance, (2) Multiple Activ- 
ity Chart, which emphasizes time, 
and (3) Operator Chart, which em- 
phasizes individual motions. 

These charts help obtain the 
facts which may bring about a 
workable solution. 

8. Challenge the details: Here 
management asks the questions: 
Can we eliminate the operation? 
Can we combine? Can we change 
the sequence? What is its purpose? 
Why is it necessary? Where should 
it be done? When should it be 
done? How should it be done? 
When these questions have been 
applied to each detail of a job, we 
are ready for the next step. 

4. Develop the better method: 











In order to develop the bette: 
method an attempt must be made 
to eliminate every non-productive 
motion as far as possible. The em 
ployees are not asked to speed 
up, but instead to work smarter- 
not harder. Management realizes 
work performed in a hurry will re- 
sult in waste because it is a speed- 
ing up of all parts of a job, both 
necessary and unnecessary. 

Regardless of how the _ better 
method is devised, whether it is by 
an individual, group, or a brain 
storming session, the idea is worth 
less until it is implemented. 

5. Installing the improvement: It 
must be remembered that the “one 
best way is not really so unless 
the worker performing the job 
thinks that it is. The human prob- 
lem to be considered in putting 
the new method to work is equally 
as important as the technical prob- 
lem itself. It must also be remem- 
bered that it is human nature for 
individuals to resist those things 
which they don’t understand and 
to resent criticism. Unless manage- 
ment can sell the idea to the work- 
er, the improvement so earnestly 
worked out on paper may never 
be fully accepted. 


Lynchburg Program 

With these things in mind, an 
example of what has been done 
to secure results in a Work Simpli- 
fication program would be appro- 
priate. The following account rep- 
resents the efforts of Lynchburg 
Foundry Co., Lynchburg Va. 

First, management, from _presi- 
dent to foreman, was given approx- 
imately twenty hours of training in 
the philosophy; tools and tech- 
niques of Work Simplification in 
order to get not only an under- 
standing, but an appreciation and 
full support of the program. This 
effort was made in view of the be- 
lief that unless an industrial con- 
cern acquires complete support 
from its management groups, its 
Work Simplification program is 
doomed to failure. Further, a train- 
ing program was initiated for the 
hourly workers which encompassed 
regular classroom work and project 
assignments requiring group parti- 
cipation. The latter was designed 
to build confidence and gain valu- 
able experience in applying the 
tools and techniques discussed in 
the classroom. 


An outsider, after learning of 
these procedures, might ask the 
following questions: What hap 
pens when the people complete 
their training? How do you keep 
them sufficiently interested to con 
tinue applying what they have 
learned? What benefits do the 
people derive from the program? 

What has been done is to set up 
a Proposal for Improvement Plan 
to provide for the collection and 
impartial evaluation of ideas, to in 
sure that acceptable ideas are 
promptly installed, and to give rec 
ognition to the originator of each 
idea. 

Recognition, which is synony- 
mous with incentive, can be provid- 
ed in many ways. Lynchburg 
Foundry, like many other firms 
provides cash awards to the hourly 
employees but try to administe1 
it in such a way that the money 
does not assume greater impor 
tance than the idea itself. We also 
give recognition in our magazine 
in bulletins and in personal letters 


Benefits 


As for the benefits the company 
receives, they are divided into tang 
ible and intangible ones. It is the 
belief that as the program grows 
older, the greatest benefits derived 
are of an intangible nature—higher 
employee morale, less complaints 
and grievances, and, in general, an 
improved attitude toward the com 
pany and the job. The tangible ben 
efits come from direct savings of 
labor and material. Every year we 
are receiving and installing ideas 
which average $15,000 net annual 
savings. This might seem extremely 
high but other companies report 
even higher annual savings 

In conclusion, it is safe to state 
that wherever there are people per- 
forming jobs, there is a place for 
Work Simplification. This is true 
regardless of how large or small 
the plant, how automated it be- 
comes, or what type business it is 
As competition becomes keener, all 
concerns will need to rely on the 
thinking ability of everyone in the 
organization. “The greatest thinking 
will come from the people who 
have the most brains, but the great- 
est power will come from all the 
people working together as a team.” 


@ To obtain single additional copies of this 
article, circle B, Reader Service card, page 7-8 









































































Classic Examples 
of Work 


Simplification 


# ] When Lynchburg Foundry 
first started producing duc- 
tile iron, it was found necessary 
to use a test bar similar to that 
used for testing steel to obtain 
a sound test specimen entirely 
free of centerline shrinkage. 

The use of a keel block, top 
picture, for test purposes was 
expensive and laboratory results 
were delayed by the excessive 
time needed to remove the legs 
from the body of the block. 

A supervisor of the laboratory 
recognized this problem, and, 
after a study of the facts, sub- 
mitted his idea through the 
Proposal For Improvement Plan. 
He proposed a modified keel 
block which would permit both 
legs to be knocked off with a 
heavy hammer blow. This mod- 
ification is shown in the second 
picture. 

Due to the complexity of the 
problem, it was necessary to en- 
gage the services of personnel in 
other departments: the Work 
Simplification Department, Gat- 
ing and Risering Department, 
Pattern, Core and Sand Depart- 
ments. 

When the experimental tests 
were compared between the 
standard keel block and modified 
keel block the results showed 
similar physical properties. How- 
ever; there were still some im- 
provements to be made and 
through the cooperation of all 
concerned a second modification 
of the block was prepared for 
evaluation. See third picture. 

Approval was then given for 
the use of the modified keel 
block in all cases “except where 
specifications called for ASTM, 
1 inch keel blocks or other spe- 
cific test specimens.” 

# 2 The two combined pic- 
tures show a method for 
blasting castings on a table blast 
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was altered by development ot 
special hook which permits the 
castings to be blasted in a cabi- 
net blast. The example of work 
simplification also resulted in 
considerable savings. 
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The modern-day steelmaking 

foundryman is faced with a con- 
tinual dilemma of juggling the car- 
bon, oxygen, hydrogen, and nitro- 
gen content so his final casting has 
the optimum properties. The eva- 
sive gaseous elements play perpet- 
ual hop-scotch with the slag and 
metal chemistry. This article is 
aimed primarily at setting forth 
the best melting practices for con- 
trolling these four important ele- 
ments. 

Let us now assume that the best 
use of existing equipment, or the 
proper choice in the selection of 
new melting units has been made. 
The next step is to examine the 
complex chemistry of the steelmak- 
ing process. The proper selection 
of raw materials and a melt of 
about 50 to 60 points above tap- 
ping carbon is assumed. 


CARBON-OXYGEN REACTION— 
Regardless of the process, acid or 
basic, arc or fuel fired, the primary 
steelmaking reaction is the oxida- 
tion and removal of carbon as car- 
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bon monoxide —C + O = CO. This 
is the carbon boil which provides 
stirring for slag-metal reactions, 
equalizes bath temperature and 
helps arrive at lower hydrogen and 
nitrogen by its flushing action. The 
speed of carbon drop depends on 
the rate of oxygen supply, the 
amount of carbon present, the rate 
of temperature input, and possibly 
the degree of bottom roughness. 
The rate of oxygen supply can be 
greatly improved by blowing ei- 
ther with tuyeres or the introduc- 
tion of an oxygen lance. Rate of 
supply from the slag depends on 
slag composition; e.g., the highly 
basic slags tend to release oxygen 
more rapidly than the acid slags. 

Since the boil flushes out some 
hydrogen and nitrogen, now is a 
good time to dwell briefly these 
elements in steelmaking. 


HYDROGEN—Hydrogen dissolved 
in liquid carbon steel in amounts 
more than 0.00075 per cent or 7.5 
parts per million exceeds the solu- 
bility on solidification and can 
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How to make better castings 
by using modern melting practices 
to control these gaseous elements 


cause porous or wild ingots and 
castings. At higher alloy contents 
more hydrogen can be tolerated 
without porosity. Lower amounts of 
hydrogen in the solid steels can 
cause flakes and generally lowered 
ductility. Annealing or aging treat- 
ments are used to remove hydro- 
gen in low alloy steels. 

Recent work by Epstein, Walsh 
and King* has emphasized the 
following points in controlling hy- 
drogen contents in liquid steel. 

(1) A vigorous boil should be 

maintained to flush the hy- 
drogen content of the bath 
to a low value. 

After deoxidation heats 
should be tapped as secon as 
possible. 

Good ladle, runner and mold 
practice are necessary to pre- 
vent hydrogen pick-up dur- 
ing the tapping and teeming 
of killed steels. 

Additions made after the 
completion of the boil should 
not have been stored under 
wet conditions. 

The average hydrogen content 
table for low alloy steels‘ for vari- 
ous steelmaking processes is shown 
on page 30. With more recent 
knowledge, the basic electric steel 
can be made with hydrogen con- 
tents as low as 3 ppm without 
vacuum casting. 


NITROGEN-—In most cases good 
furnace practice uses a strong car- 
bon boil. The nitrogen content is 
then well below the solubility lev- 
el on solidification. Therefore, ni- 
trogen alone is not considered a 
serious offender in affecting po- 
rosity. 

The average nitrogen content* 
table for low alloy steels for vari- 
ous steelmaking processes is shown 
on page 31. Most low alloy steels 
can tolerate 0.017 per cent nitrogen 
at solidification without porosity. 

In ordinary cast steels low nitro- 
gen is desirable. A combination of 
high nitrogen with heavy aluminum 
deoxidation may produce aluminum 
nitrides in the grain boundaries and 
thus produce rock candy fracture 
with attending lowered ductility. 

In the austenitic grades of stain- 
less steel for castings, wide use is 
made of nitrogen for grain refine- 
ment, increased strength at elevat- 
ed temperatures and as a substi- 
tute for nickel in forming austenite. 
In plain chromium steel castings 
moderate use has been made of 
nitrogen for grain refinement, par- 
ticularly in the steels of high chro- 
mium content. The use of this ele- 
ment in the low-chromium—12 per 
cent chromium steels must be ap- 
proached with caution as _ these 
compositions have limited solubil- 
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ity for nitrogen. When green sand 
molds are used, porosity from com- 
bined nitrogen and hydrogen may 
easily occur. 

Figure 1° shows the level of hy- 
the 
working of a six ton acid ore heat 


Note the both ot 


these elements to increase in the 


drogen and nitrogen during 


tendency for 


inetal after deoxidation. 


PINHOLE POROSITY—The 


surtace porosity 


sub- 
which sometimes 
develops in green sand castings is 
an example of gas pick-up after the 
steel has been poured Pinholes are 
usually not found when high per- 


dry sands used or 


meability 
when the steel is thoroughly deoxi- 
The mech- 


are 


dized with aluminum® 
and 
Taylor’? seems most likely. The re- 


anism suggested by Savage 
action of liquid steel with the wa- 
ter in the sand dissolves both oxy- 
gen and hydrogen. While hydrogen 


tends to diffuse 


of the section, oxygen accumulates 


toward the cente1 


at the surface. Unless sufficient de- 
oxidizer is present the carbon-oxy- 
gen reaction begins and gas bub- 
bles or pinholes form below the 
surface. The hydroge n in the steel 
near the mold interface then dif- 
fuses into these bubbles. 
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OXYGEN-Since 
moved by oxidation it follows that 
the 
the bath. The level of oxvgen in 
the bath is 


carbon 1S re- 


oxygen must be dissolved in 
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trolled by the amount of carbon 
present. A schematic curve from 
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gen levels for varying carbon con- 
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HYDROGEN CONTENT OF COMMERCIAL 
LOW ALLOY STEELS 


Weight % 

Average H. — 

Parts Per Million 
ACID OPEN HEARTH 3.5 
ACID ELECTRIC ARC 2.0 
BASIC OPEN HEARTH 5.9 
BASIC ELECTRIC ARC 49 
BASIC BESSEMER 65 


gen contents. At true equilibrium 
the carbon-oxygen reaction is at a 
steady state and the boil is stopped. 


DEOXIDATION — Deoxidation is 
simply the stopping of the carbon- 
oxygen reaction so sound steel free 
from blowholes can be safely 
poured into a mold. This can be 
done by shutting off the supply of 
oxygen; e.g., by slagging off and 
adding a very low oxygen reduc- 
ing slag to the basic electric fur- 
nace. It is generally accomplished 
under oxidizing slags by adding 
an element or combination of ele- 
ments known as deoxidizers which 
will either combine with the oxy- 
gen and remove it in the form of 
an oxide or oxides, or reduce the 
effectiveness of oxygen in the bath. 

Tennenbaum® shows that deoxi- 
dation or blocking lowers the oxy- 
gen in the basic open hearth to 
the level encountered in the basic 
electric furnace under reducing 
slags. This is the equilibrium value 
where the carbon oxygen reaction 
cannot proceed. 

Some foundries use a single slag 
practice in the basic electric. Here 
the heat is lightly blocked (deoxi- 
dized) to quiet the boil and the 
oxygen is not lowered to the equili- 
brium value. In general castings 
are tapped under more oxidizing 
conditions than ingots. 


























making’. This shows that zirconi- 
um and aluminum are the strongest 
and manganese and chromium the 
weakest deoxidizers when acting 
alone. 

In Fig. 4 the effect of carbon 
aluminum, manganese and silicon 
on oxygen solubility is shown. The 
carbon-oxygen curve is from plant 
data presented by D. W. Murphy". 
You may note the silicon curve is 
above the carbon curve at carbon 
values over 0.30 per cent carbon. 
This explains why it is difficult to 
stop the carbon reaction with sili- 
con alone at high temperatures 
and high carbon levels. This figure 
also shows why manganese acting 
alone is a weak deoxidizer. 

It has been found that combi- 
nations of some elements have a 
stronger deoxidizing effect than 
when either element is acting alone. 
Hilty and Crafts'*, have com- 
pared silicon plus manganese and 
aluminum plus manganese to these 
elements acting alone on oxygen 
solubility. Aluminum plus silicon 
is no more effective than alumi- 
num alone. The effect of silicon 
and manganese acting together to 
remove oxygen illustrates what 
Herty, et al,’* found many years 
ago as to the value of silicomanga- 
nese (combined silicon and man- 
ganese alloy) on the removal of 
oxygen as MnO-SiO, inclusions. 

Bath temperature also affects the 
strength of deoxidizers. This can 
best be illustrated in Fig. 5 from 
Hilty and Crafts'*. Here three tem- 
perature levels are shown together 
with three different deoxidation 
levels in liquid iron. Laboratory 
data explains a long known melt- 
ing effect that hot heats do not 
block tightly. 


VARIOUS STEEL MAKING PRACTICES 
AVERAGE NITROGEN CONTENTS FOR LOW ALLOYED STEELS 
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Pig Irons — Basic Pig . 


Effect of Various Elements 
on Oxygen 
The effect of deoxidizing ele- 
ments on the oxygen content of 
liquid iron is shown in Fig. 3, tak- 
en from Basic Openhearth Steel- 
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Steel Quality 


It has been shown that the final 
total oxygen content of steel is 
controlled by the amount of car- 
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MELTING PRACTICE FOR ALUMINUM CASTING 


By 


ALLOYS 


William N. Brammer* 


ABSTRACT 


This is a practical discussion of today’s successfully 
used melting technique as applied toward the produc- 
tion of the highest-quality aluminum-alloy castings. 

The writer covers furnace equipment for melting and 
holding, metal cleanliness, and temperature control. Com- 
mon abuses of the melt, their effect and correction 
are detailed; among these are sludging and fluxing. 

Aids to improved casting quality, such as grain re- 
fining and sodium modification, are discussed as foundry 
tools. 

This paper reveals nothing new in research or scien- 
tific discovery, but is meant to be a guide to the user 
of aluminum alloys for any casting technique. It will 
be found to reconfirm the experienced melter’s knowl- 
edge, supplement the theoretical reading available, and 
may be helpful as a training guide for all foundry 
personnel. 


The technique of metal melting and handling is 
vitally important to any foundry operation, and con- 
stant control and vigilance are necessary in the prep- 
aration of aluminum for casting. This will maximize 
casting quality while minimizing end product costs. 

Aluminum alloys have three inherent characteristics 
which should be recognized, and if simple precau- 
tions against these are taken, the basic pre-requisite 
for good quality uniform castings has been fulfilled. 
These characteristics are the tendency of molten alu- 
minum to absorb hydrogen, the ability of aluminum 
to readily oxidize, and the ease with which aluminum 
dissolves iron." It is the purpose of this paper to 
discuss these scientific facts as they are reflected in 
everyday melting in the casting plant. 

FURNACE MELTING EQUIPMENT 

In preparing the melt for casting any one or com- 
bination of three different furnace-melting systems 
may be used, and each has some advantages which 
are unique." 

One system utilizes the reverberatory furnace where- 
in melting and metal ladling are performed from 
the same furnace unit. This can be oil or gas fired, 
and ingot metal, and/or recycled foundry metal, are 
charged in one end and ladling wells are provided 
on another wall of the furnace. The fuel is burned 
in a firing chamber directly over the metal, and 
the products of combustion come in direct contact 
with the molten aluminum. 


*Eastern Sales Manager, Apex Smelting Company. 
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This is sometimes modified by the installation of a 
complete baffle floor so that the firing chamber is self- 
enclosed and all heat input is thus radiated to the 
molten aluminum bath by conductive fire brick. The 
sacrifice of furnace efficiency with this baflle reverb is 
not generally agreed to be offset by appreciably 
better quality metal. The reverberatory furnaces are 
generally placed in a line through the production 
area with pouring stations located at the front ladling 
well or wells. Ample service space, at the rear of 
the furnace, should be provided for servicing with 
metal and for fluxing. 

Due to the varying requirements of the different 
areas within a furnace, that of melting in the rear 
and holding for pouring in the front, generally pour- 
ing temperatures can be held to + 20 F. These fur- 
naces are usually of about 1,000-4,000 lb capacity and 
will use two to six burners depending on individual 
design. The rear of the furnace is opened for clean- 
ing and fluxing, and is sometimes fitted with a dutch- 
oven arrangement for pre-heating the charge. This 
pre-heating will increase the efficiency of the furnace 
in lb of metal melted per hr as much as 10-15 per cent. 

When a large volume of metal is required per hr 
at the pouring station, the reverberatory furnace will 
be very satisfactory if properly handled and main- 
tained. The refractory lining minimizes iron pickup. 


Stationary or Tilting-type Furnace 

A stationary or tilting-type furnace using a silicon- 
carbide crucible can also be used for melting or 
pouring. These are placed in a melting area proper- 
ly hooded to permit the of exhaust and 
fluxing gases. Automatic temperature control is not 
necessary but desirable on breakdown melting fur- 
naces. Furnaces should at least, be equipped with 
a positive reading temperature pyrometer. This fur- 
nace is generally placed in an individual floor pit or 
surrounded with a charging platform to permit work- 
ing of the melt. The pouring spout, when tilted, 
should direct the stream into a transferring ladle 
from a medium height. 

An ideal manufacturing layout will utilize a double- 
furnace system wherein the aluminum is melted and 
brought to the pouring temperature in one furnace, 
cleaned and treated if necessary, and then transferred 
to a holding furnace at the pouring station. The 
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author's company believes this is to be the best setup 
for both permanent mold and die casting. 


Electric Induction Furnace 

The third system of melting uses the electric 
induction furnace. These are equally adaptable to 
breakdown melting or holding. The original capital 
investment, however, is sizable. They can be fitted 
with a receiving tundish, permanently mounted on 
the shell of the furnace, which will receive the 
stream from the bull ladle and direct it tangentially 
down the furnace wall. This minimizes oxide forma- 
tion in the bath. Plant layout considerations are simi- 
lar to those for the crucible-type furnace. 

The electric induction furnace has been used suc- 
cessfully both as a melter and holding unit and is 
generally capable of melting 5-7 lb per hr, per kw 
rating of the furnace. In the opinion of the author's 
company, it offers two distinct advantages for use 
with aluminum. First, because of the absence of prod- 
ucts of combustion the aluminum can be melted and 
held with a minimum absorption of hydrogen. Second, 
due to the intermittent flowing action of the metal 
in the bath, alloy segregation is practically nil. The 
investment is greater than for other furnace types, 
but with proper maintenance, they are practical and 
make for a much cooler work area due to the mini- 
mum of radiated heat. They are very accurate on 
temperature control, and tolerances of + 5 F are 
common. Depending upon the power cost in an area, 
they can reflect economical operation. It is customary 
to start these furnaces by flame preheating and then, 
an initial charge of molten metal. 

The electric furnace, by its basic design, does re- 
quire constant cleaning of channels. The power should 
always be turned off when fluxing the electric furnace 
with a solid-type flux. The same agitation which 
minimizes alloy segregation will also, under some 
conditions, cause entrapped oxides within the casting. 

With crucible or induction melting and holding 
there is less chance of gas absorption and oxidation, 
because the molten metal is never in direct contact 
with the products of combustion. 


HOLDING FURNACE EQUIPMENT 


Aluminum holding furnaces varying in design fea- 
tures and holding 400 to 600 lb are the most common. 
It is mandatory that they be equipped with automat- 
ic temperature controls. This will provide metal tem- 
perature control of + 10 F which is practical for 
sand, permanent molding, and die casting. These 
furnaces are generally placed in a position convenient 
to the pouring station and need not be hooded as 
only a minimum of fluxing is done at this point. 

The burner mounting in this crucible furnace should 
direct the flame into the retort toward the upper 
half of the crucible and tangential to the crucible 
wall. Flame impingement on the crucible not only 
reduces furnace efficiency, shortens crucible life, but 
also has a tendency to gas the melt. The inner floor 
should be tapered toward an easily accessible clean- 
out or drain door. This will facilitate removal of 
metal should a pot fracture during operation, and 
expedite the installation of a new crucible with a 
minimum of lost production time. 
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Iron pots have long been used to melt aluminum 
and provide ideal heat transfer and long life for a 
moderate cost. However, due to the tendency of 
molten aluminum to dissolve iron from an iron pot 
the silicon-carbide-type crucible has gained much 
popularity. Either type of pot should be regularly 
scraped clean with a pine board and spray coated 
with a whiting or china-clay wash. A thoroughly dried 
coating is necessary to eliminate possible gas pickup 
in the melt. Using proper maintenance and handling 
care, a silicon-carbide crucible will give long life with 
the desirable conditions for clean gas-free metal.* 

Regardless of the type of melting furnace used, 
metal may be conveyed by bull ladle from the melt- 
ing area to the casting station as required. The metal 
may be added to the holding-furnace bath with a 
minimum of agitation and disturbance by the use of 
a pouring basin which can be mounted permanently 
on the holding furnace shell cover. The pouring basin 
should be designed to receive the metal from the 
transfer ladle, allow it to flow at a reduced speed 
through an orifice constructed to direct the flow of 
the metal tangentially to the furnace or crucible wall. 
The reduced size of the stream with positive direc- 
tion will reduce the agitation of the bath, thereby 
holding to a minimum the amount of oxidation and 
gas absorption. 


METAL CLEANLINESS 

The first requirement for quality castings is to 
use the best grade of smelter ingot. Cleanliness is 
then very essential in handling and melting alumi- 
num. Particular attention must be given to positive 
temperature control and to the avoidance of contam- 
ination, if quality castings are to be produced. 

All tools such as skimmers, ladles, flux chargers and 
the like, used in the bath, as well as crucible or pot 
inner surfaces should be coated with a protective 
wash. It is easy to keep a large container of white- 
wash or similar slurry handy, and after pre-heating 
tools to dip coat them with the material. Occasionally, 
all tools should be shot or sand blasted and a new 
coating applied. 

Iron or silicon carbide pots should be entirely 
cleaned out once each day during a three-shift oper- 
ation, or at the termination of pouring on the one- 
or two-shift plan. It is good to scrape the walls down 
with a pine board and remove all oxides and scum 
from the walls of the crucible and then apply a new, 
medium heavy coating of protective wash. By using 
the board as a scraper, the resultant charring will 
not fracture the glazed surface of a silicon-carbide 
crucible. A simple machine cleaning gun will be 
adequate for this spraying operation as it delivers 
a large volume of material with a concentrated spray 
pattern and is inexpensive. All tools and crucibles 
should be dried thoroughly before use. 

Ingot metal should be stored inside so as to be 
protected from the weather. This minimizes the 
formation of hydrated oxide coating which does not 
decompose until temperatures approaching the melt- 
ing point are reached. This hydrated oxide will result 
in gassy metal if not removed. If outside storage is 
unavoidable, the ingot should be wire brushed, or 
oxide residue removed in some other convenient man- 
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ner, and then preheated to drive off most of the 
occluded moisture. Preheating temperatures of 800 F 
to 850 F for 15 to 30 min will be sufficient in all 
but the most severe cases. In making up the charge 
for the melting furnace it is desirable to use a mix- 
ture of ingot and foundry scrap keeping a ratio of 
60 per cent ingot to 40 per cent scrap. This reference 
to “scrap” means rejected castings, gates, risers, trim, 
flash, etc. The initial charge in the furnace should 
be of small gates, risers, flash, etc., so as to most 
completely fill the heel of the pot with molten metal 
quickly, then ingot material may be added. 
SLUDGING 

Sludging is one of the common ills of the casting 
operation, particularly where pouring temperatures 
lower than 1300 F are used.* Sludging results when 
the heavier elements in the alloy (Fe, Mn, and Cr 
combined with Si and Al) are never brought to a 
temperature hot enough to effect solution. In all cases, 
regardless of the alloy used, the melt should be 
brought up to at least 1300 F and stirred in the break- 
down melting operation even though a lower pouring 
temperature is being used. This will help assure that 
all the alloying constituents are in solution and re- 
duce the possibility of segregation. 

The aluminum-silicon-iron-manganese compounds 
are the most serious offenders, and at 1200 F they 
are actually only partially in solution. Consequently, 
they segregate to the bottom of the crucible in the 
form of a heavy sludge which also changes the origi- 
nal composition of the alloy. Improved technique in 
the melting room would involve raising the melt to 
1300 F, fluxing properly, milding stirring the bath, 
and skimming off the dross and oxide. It is not meant 
to imply that a pouring temperature of less than 
1275 F is undesirable. Quite to the contrary, lower 
temperatures are often very desirable, but it is a good 
practice to bring all metal up to at least the higher 
temperature, effect solution of all alloying consitu- 
ents, and then drop back to the lower pouring tem- 
perature. 

Thus, segregation may be held to a minimum. Solid 
ingot or scrap should never be charged into the hold- 
ing furnace, as the chilling action induced promotes 
the segregation of the heavy high-melting constituents. 
The often repeated metaphor of “sugar in coffee” 
need not be repeated but is applicable* (Fig. 1). 





TEMPERATURE CONTROL 
Constant vigilance is needed in the melting area 
to avoid over heating of the melt, and while it is 
costly from the standpoint of wasted fuel energy it 
also has a very pronounced effect on the alloy. Both 
oxidation and gas absorption are promoted by high 
temperatures. Temperature recording and indicating 
equipment may be panel mounted adjacent to the 
furnace, and should be equipped with a visible or 
audible signal to indicate when the metal is on the 

high side of the pouring range (Fig. 2). 
Thermocouples are usually suspended in the bath, 
and are of the chromel-alumel type with a refractory 
or cast-iron sheath or tube protector. These should 
be periodically wire brushed clean and coated with 
a protective wash to insure accurate results and maxi- 
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Fig. 1—Heavy element sludge. 


mum life. Overheating or holding at elevated tem- 
peratures for extended periods of time will tend to 
have three pronounced detrimental effects.° 

First, the higher the temperature the more prone 
the aluminum is to gas absorption which is extremely 
troublesome on machined, polished or pressure tight 
castings. Unsoundness of any kind results in lowering 
of the mechanical and physical properties of the 
alloy, particularly the elongation. 

Second, elevated temperatures will result in a coars- 
ened grain structure, and can modify any previous 
refinement or modification of the alloy. This in turn 
will decrease the machinability, pressure tightness, 
and foundry castability. 

Third, the aluminum will tend to oxidize more 
rapidly at the higher temperatures, and in some cases, 
loss of portions of some of the alloying elements 
can occur. This may result again in lower properties 
of the alloy, and will increase the melt loss of the 
foundry. 

If it is found necessary in permanent molding, due 
to mold design, to pour at temperatures in excess 
of 1350 F, the melt should be held a minimum pos- 
sible length of time at the pouring temperature. 

INVENTORY CONTROL 

In some jobbing foundries where many different 
alloys are used to satisfy individual customer require- 
ments, use of a color code system for alloy identifi- 
cation is highly recommended. Most smelters will 





Fig. 2—Central, panel-mounted, temperature-control 
units. 
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Fig. 3—Piece of hard complex trapped in die-casting. 40X. 


stripe each ingot end with water paint to the Alumi- 
num Association Code for easy foundry distinction. 
This color code should be displayed and known 
throughout the plant. Large color plates should be 
placed on each furnace to mark the alloy being used 
therein. The various containers at the cutoff opera- 
tion should be color coded for positive alloy separa- 
tion. In short, a color code is simple, positive, easy 
to use, and very effective. 


FLUXING ALUMINUM ALLOYS 


Fluxing is a foundry tool that should be used when 
necessary and is that plus factor of assurance toward 
the highest quality castings. Theoretically, it is un- 
necessary, but years of casting experience have dem- 
onstrated that it is the best means of obtaining 
clean metal by preventing excessive oxide formation, 
removing inclusions and foreign matter, and liberat- 
ing dissolved hydrogen from the aluminum melt. 

Proper fluxes are the secret to cost and quality 
control in the aluminum foundry. The melting of all 
metals requires thoughtful operation and control. 
In the foundry operation there are various sources of 
contaminants that can be harmful to the finished 
casting. 

What are these items and what are their sources? 

Metal Oxides. Aluminum oxides have a specific grav- 
ity close to that of the aluminum alloys, and thus 
they have a tendency to remain suspended in the 





Fig. 4—Die-casting section showing oxide inclusion. 
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molten bath. The normal source of these oxides is 
from remelted gates, risers, rejects, and excessive agi- 
tation of the melt. Removal of these oxides can be 
made by the proper use of degassing or cleaning flux 
(Figs. 3 and 4). 

Gas Porosity. This is generally evidenced by a dis- 
persion of fine pinhole cavities throughout the casting 
and considerably more evident around heavy sec- 
tions. The gas, hydrogen, can be picked up from 
over-heated melts, undried crucibles, foundry re- 
turns, condensed moisture on the charge, steam from 
products of combustion of the fuel, and even humid 
atmospheres. Economical degassing of the melt can 
be made with degassing flux ( Fig. 5). 

Foreign Material. Foundry sand, dirt and oil on 
occasion are associated with foundry returns, and 
are often charged back into the furnace for remelting 
even when otherwise good practice is observed. Clean 
metal may be assured by proper fluxing. 

Fluxes are of two general classes, solid or gaseous. 
The solid-type fluxes are of two different types de- 
pending upon the manner in which they react in 
the bath. 

Let us look first at the solid fluxes. 

Cleaning flux—for special cleansing and mild de- 
gassing. This flux is used primarily to produce a clean 
molten metal bath that is free of oxides and foreign 
material that may be suspended in the melt. 

Approximately, 4 oz. of flux per 100 Ib of metal is 
used. For maximum benefit, after the melt reaches 
about 1250 F, the flux is added to the surface and 
thoroughly stirred in. The appearance of small yellow 
flames shows the progress of the reaction, and when 
the dross becomes of dry powdery consistency, the 
reaction is complete. In a matter of a few min, the 
accumulated dross may be removed from the melt 
with a perforated skimmer. 

Degassing Flux—is noted for its strong degassing 
action and may be used with any aluminum alloy. 
It is the practical method for controlling hydrogen 
in aluminum. Approximately 4 oz. of flux per 100 Ib 
of metal is recommended. It may be wrapped in 
aluminum foil and placed in an inverted perforated 
cup and plunged to the bottom of the melt. For best 
results it should be added when the melt has reached 
1200 F. The chemical and mechanical action of the 
evolved gas will pick up the dissolved hydrogen gas 
and help clean the melt of suspended oxides. 





Fig. 5—Vacuum test samples illustrating gas content. 
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Utility Flux—tor cleansing and mild degassing. This 
Hux is used to produce a clean molten metal bath 
that is free of oxides and foreign material that may 
be suspended in the melt. The flux is best added at 
about 1250 F-1300 F and worked in with a perforated 
skimmer. Additions are made until the foreign mate- 
rial clings together and the mass has become a cherry 
red color. It is then removed. An excess of flux will 
result in a liquid mass which is difficult to remove 
etfectively. 

Cleaning Flux—for magnesium-aluminum alloys is 
a balanced composition containing more than 1 per 
cent magnesium. This flux is prepared for aluminum- 
magnesium-type alloys because of the necessity for 
maintaining a balanced chemical composition and 
preventing loss of magnesium. It is added in the 
same quantity and in the same manner as the stand- 
ard treating flux. It will give maximum cleansing and 
will also act as a mild degassing flux. 

Gaseous fluxes for aluminum may be nitrogen or 
chlorine gas. it is important for aluminum fluxing to 
obtain “oil-pumped” rather than “water-pumped” gas 
for obvious reasons. The gas is introduced to a 
well-hooded furnace by a carbon tube equipped with 
a diffuser head, attached to the gas bottle or reser- 
voir. The diffuser head is very important to obtain 
many fine bubbles of gas rather than several large 
ones, since a greater surface area of the gas will 
eliminate more hydrogen. 

The gas should always be turned on before intro- 
ducing the tube into the bath. This avoids any frozen 
metal in the tube. A rate of flow which will mildly 
ripple the surface of the bath is good. Severe agita- 
tion will decrease the efficiency of gas fluxing. Gener- 
ally, five min of gas flow for quantities of less than 
500 Ib, and slightly longer for larger furnaces, will 
be adequate. This is the most efficient means of clean- 
ing and degassing aluminum alloys. 

Chlorine degassing must consider the importance 
of the magnesium content of the alloy, as at elevated 
temperatures reduction of magnesium can change the 
composition (Fig. 6). 

GRAIN REFINING 

In permanent molding, where irregular tempera- 
ture gradients occur within the mold, large grain 
structures can often be noticed in the casting. This 
denotes that this area of the casting has not been 
chilled sufficiently in the mold, or that progressive 
solidification has not been obtained. In the case of 
thin-sectioned castings, elevated temperatures neces- 
sary for complete fill can cause coarse grain size. 

In most of these cases, grain refining of the melt 
will prove helpful toward producing an internally 
sound casting. It will aid the foundrymen to improve 
pressure tightness, mechanical properties, machinabil- 
ity, and if close dimensional tolerances are being 
held, that is, piston-pinhole inside-diameter dimen- 
sions, sizes may be held more consistently. The addi- 
tion of grain refining elements must not be considered 
a cure-all for abusive metal melting practices, but 
only a tool to be used where required. 

The grain refining elements may be introduced 
through hardeners or fluxes and aid in producing 
fine equi-axed grains in the alloy. Because they lose 
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HOW FLUXING HELPS STRENGTHEN ALUMINUM 
ALLOYS 
Typical Examples of Improvement in Mechanical Properties by 
the use of Aluminum Flux. 





Degassing 





__ Flux __Unfluxed 
Heat-treated type—A.S.T.M. SG70A 
alloy, T.6 Condition. 
Ultimate Tensile strength, psi 33,000 29,000 
Yield strength, psi (0.2 per cent offset) 24,000 20,000 
Elongation, per cent in 2 in. 3.5 2.5 
BHN (500 kg, 10 mm) 70 70 
Cleaning 
_Flux__Unfluxed 
Sand-cast Type—A.S.T.M. CS43A al- 
lov. 
Ultimate Tensile strength, psi 25,000 22,000 
Yield strength, psi (0.2 per cent offset) 15,000 13,000 
Elongation, per cent in 2 in. 2.0 1.5 
BHN (500 kg, 10 mm) 60 60 
Permanent-Mold type-A.S.T.M. SC64B 
alloy. 
Ultimate Tensile strength, psi 34,000 26,000 
Yield strength, psi (0.2 per cent offset) 19,000 16,000 
Elongation, per cent in 2 in. 2.5 1.0 
BHN (500 kg, 10 mm) 85 85 
Die-Cast Type-A.S.T.M. SC84<A alloy. 
Ultimate Tensile strength, psi 46,000 37,000 
Yield strength, psi (0.2 per cent offset) 25,000 20,000 
Elongation, per cent in 2 in. 3.0 1.5 
BHN (500 kg, 10 mm) 80 80 
Magnesium-Containing Type- 
A.S.T.M. ZG32A alloy, sand cast. 
Ultimate Tensile strength, psi 35,000 30,000 
Yield strength, psi (0.2 per cent offset) 19,000 16,000 
Elongation, per cent in 2 in. 9.0 5.0 
BHN (500 kg, 10 mm) 65 65 


NOTE: The above properties were obtained from remelted gates, risers, 
and sprues. 





Fig. 6—Comparative table of mechanical properties resulting 
from fluxed and unfluxed recycled foundry return. 


effectiveness somewhat upon metal remelting, they 
are most effective added at the pouring station. 

Titanium, zirconium, and boron are all good grain 
refining elements, and can be added easily through 
a grain-refiner flux. 

The grain-refining flux is a quality flux which not 
only cleanses but refines the structure of the casting. 
An addition of about 4 oz. per 100 Ib of metal will 
grain refine the alloy. This grain refinement will re- 
duce shrinkage and gas porosity, and will also help 
to prevent dross and cracks, as well as improve the 
appearance of the casting. This flux is particularly 
helpful when pouring temperatures must be very 
high, or when the proportion of previously melted 
metal is greater than normal. The same effects can be 
obtained by the use of these elements in alloy form 
as hardeners. 

Holding a melt for extended periods of time, as 
well as overheating, will tend to diminish the effect 
of grain refiners and should be avoided. Excessive 
amounts of grain refiner will effect the mechanical 
and physical properties unfavorably. Melting-room 
technique for adding these fluxes should follow the 
same order as when using solid fluxes for cleaning or 
degassing as mentioned before ( Fig. 7). 


MODIFICATION 


The use of metallic sodium to modify the grain 
structure of silicon in aluminum-silicon alloys is a rec- 
ognized practice for sand and permanent mold casting 
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Fig. 7—Etched ingot slices showing effect of grain refining. 


alloys. A sodium addition of 0.05 per cent maximum 
will change the normal long silicon needle-like crystals 
and disperse the silicon more uniformly throughout 
the alloy in smaller spherical particles.’° This will 
not only improve the mechanical properties but also 
make for improved machining and polishing. 

Sodium additions in the foundry should be limited 
to the minimum necessary to effect modification. Ex- 
cessive sodium makes for decreased fluidity while 
decreasing the shrinkage tendency in the mold some- 
what. In alloys which are sodium modified, the use 
of chlorine gas or chloride-type fluxes removes the 
effect of the sodium and eliminates the modification. 
Another addition of sodium is then advisable (Figs. 
8 and 9). 

There is no substitute for good melting technique 
in a casting operation. Proper maintenance of equip- 
ment and tools, the establishment of correct charging 
and melting procedures, and the intelligent use of 
fluxing and grain refining methods are essential if 
highest quality castings are to be produced. 
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DUPLEXING PAYS AT AUTOMOTIVE FOUNDRY 


By 


H. A. Laforet* and F. J. Webbere** 


ABSTRACT 


Changes in foundry operations related to duplex pro- 
cessing of gray iron at the authors’ company have re- 
sulted in increased efficiency, lower cost of iron, and 
improved control. The company foundry has demonstra- 
ted that under favorable circumstances the duplexing 
of cylinder iron can show a net cost advantage if used 
to its full potential. Duplexing allowed major improve- 
ment in cupola practice and metal transfer operations. 


Although there is some difference of opinion in 
the foundry industry today regarding the relative eco- 
nomics to be gained by duplexing gray iron, the 
authors’ company can report convincing success. Beset 
with complex control problems, one division’s foundry 
resorted to the installation of two 15-ton electric-arc 
furnaces to obtain a metal reservoir which would as- 
sure not only sufficient quantity but more uniform 
iron at the pouring lines. Tapping operation from the 
electric furnace into transfer ladles is shown in Fig. 1. 

This is a conventional arrangement. The advantag- 
es of duplexing were clear cut and greatly out- 
weighed the accompanying limitations. Productivity 
was increased in the foundry, and the machine shop 
had fewer complaints. In addition, the cost of iron 
delivered to the pouring lines was substantially re- 
duced. It should be emphasized, however, that the 
net gain for any particular foundry must be related 
to the prevailing circumstances which justify the capi- 
tal expenditure. There are many gray iron foundry 
operations where duplexing would not be considered 
economical. 


DUPLEXING BENEFITS 


The greatest benefits appeared in the cylinder iron 
of approximately 180 to 230 BHN. The nominal 
composition is 3.25 per cent carbon, 2.25 per cent 
silicon, 0.75 per cent manganese and 0.30 per cent 
chromium. Prior to the installation of the electric fur- 
naces the division foundry had been experiencing 
great difficulty in obtaining satisfactory metal quality. 
A cooperative survey by this division and the com- 
pany’s research staff disclosed several undesirable sit- 
uations both in the foundry and in the machine shop. 

These conditions, although metallurgical in nature, 
actually stemmed from interruptions in the produc- 
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tion rate of castings. Automation in both molding 
and machining operations had created serious prob- 
lems for the foundry. As represented in Fig. 2, the 
machining lines for the cylinder block and cylinder 
head were fully mechanized with the latest type of 
tooling and transfer equipment available. The melt- 
ing department, however, was not modernized to the 
extent that a uniform grade of iron could be poured 
at all times. 





Fig. 2—Automatic machining line V-8 engine blocks. 
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For successful operation the highly mechanized 
machine shop required castings which were more 
closely controlled for hardness and structure than 
could be furnished by the foundry. At the same time, 
the engineering requirements of the iron were in- 
creased to meet the higher horsepower trend in en- 
gine design. The problem for the foundry was, there- 
fore, much more critical and progressive steps were 
obviously necessary. 

Furthermore, the installation of a new high speed 
automatic molding line® capable of producing all the 
plant requirements for cylinder blocks had increased 
the frequency of maintenance stoppages. This one 
line was designed to produce 207 cylinder blocks per 
hr and required upwards of 30 tons of molten iron 
per hr to maintain a uniform rate of production. Any 
interruptions of the molding line, due at times to the 
increased maintenance problem with the new highly 
mechanized equipment, resulted in an inadequate 
supply of castings for the machine shop. These irregu- 
larities in the molding line output indirectly affected 
control of the metal at the cupola, adding to the 
machining difficulties. 

When the block line was functioning well, the de- 
mand for metal approached the ultimate capacity of 
the cupolas. When production on the block line was 
interrupted, the output of at least one cupola had to 
be drastically and immediately curtailed. This fre- 
quent, irregular variation in the melting rate made 
close chemistry and temperature control impossible 
and was reflected in decreased efficiency in all parts 
of the foundry and in the machine shop. 


REASON FOR CHANGE 


A typical check on one cupola for a 16-hr run re- 
vealed as many as 20 interruptions in melting. This 
situation had far reaching consequences. Total carbon 
content varied from 3.35 per cent to 3.82 per cent 
and fell within the preferred range of 3.10 per cent 
and 3.40 per cent on only one sample during the 
entire day. Silicon ranged from 2.02 per cent to 2.45 
per cent. Chill depth tests were outside of the pre- 
ferred range for almost half of the day’s operation. 
Spout temperatures ranged from 2660 F to 2785 F. It 
was impossible to set up proper coke ratios and charge 
make-up since melting was seldom stabilized. 

Along with strong recommendations for improve- 
ment in preventative maintenance, charge composi- 
tion, and control procedure, an intermediate holding 
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Fig. 3—Layout of melting department showing location of du- 
plexing furnaces and changes in the metal transfer system. 
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station to provide a store for hot iron appeared essen- 
tial. The obvious advantages of electric arc duplexing, 
(blending the output from several cupolas, improved 
temperature control, and opportunity for chemistry 
adjustment) dictated the installation of the two elec- 
tric holding furnaces. Some consideration was given 
to the use of forehearths but space requirements 
were unfavorable. 

The old lay-out at the foundry consisted of 8 back 
slagging cupolas. Cupolas 1, 3, and 5 were alternated 
with 2, 4, and 6 to produce cylinder iron. Cupolas 7 
and 8 were used on alternate days for soft iron to 
provide metal for manifolds and housings. 

This cupola layout, required an intermittent tap- 
ping operation which limited the size of the transfer 
ladles to about one ton each and complicated the 
metal handling problem. Larger ladles could not be 
used without risk of emptying the cupola wells. 

The most appropriate solution would allow for 1) 
blending of the iron to obtain more uniformity in 
composition and 2) improved temperature control by 
use of a holding furnace which could add heat to the 
bath as required. An electric duplexing furnace was, 
therefore, substituted for cupola No. 3 without dis- 
turbing the adjacent cupolas. This resulted in a close 
but workable fit, the transformer being located direct- 
ly behind the furnace and under the former charge 
make-up floor of the replaced cupola. 

The remaining cupolas were modified for front slag- 
ging and continuous tapping directly into the elec- 
tric furnace. A second electric furnace was installed 
adjacent to cupola No. 8 for soft iron. This new ar- 
rangement is shown in Fig. 3 with the changes in 
the metal transfer system represented by dotted lines. 

The melting department was now set up to run 
No. 1 and 2 cupolas alternately with No. 4 and 5 for 
the production of cylinder iron. Cupolas No. 7 and 
8 alternated on soft iron. Cupola No. 6 was left 
idle. The entire duplexing procedure was worked out 
and staffed by existing cupola personnel. 

The major advantages derived from duplexing of 
the cylinder iron were: 1) improved composition and 
temperature control, 2) decreased scrap, 3) decrease 
in cost of raw materials in the charge, 4) increased 
productivity, 5) cleaner melting operation, 6) reduc- 
tion in amount of metal pigged for low temperature, 
and 7) more uniformity in the metal in castings 
supplied to the automatic machining lines. The mag- 
nitude of these benefits is indicated below. 


COMPOSITION CONTROL 


The output of two-cylinder iron cupolas are blend- 
ed continuously in the 15-20 ton bath of the electric 
furnace. This is the equivalent of 6-8 cupola charges 
which levels out the irregularities introduced by vari- 
ations in charge make-up or cupola melting conditions. 
Figures 4 and 5 illustrate representative operations 
before and after duplexing was inaugurated. 

Before duplexing, total carbon content was delib- 
erately held on the high side in order to avoid the 
more objectionable consequences resulting from ex- 
cessively hard iron. Since duplexing, the total carbon 
content can be controlled at a lower level to take 
advantage of improved mechanical properties. The 
effect on silicon is also shown by a maximum devia- 
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tion of + 0.10 per cent Si over the entire day in present 
operation. 


CHILL CONTROL 


With duplexed iron the total variation in chill shown 
in Fig. 6 is approximately 1/32-in. for the entire 
day’s operation. It is now standard practice to inocu- 
late with 1-2 lb/ton of graphitizer in each ladle. Pre- 
viously it was not uncommon to run as high as 15-20 
lb/ton of the graphitizer. The fluctuation in chill 
before duplexing is also shown in Fig. 6. These graphs 
show data from two different chill tests, but the rel- 
ative deviation from the preferred range may be used 
for comparison. 

The net effect of this improved control is depicted 
in Fig. 7 which shows the hardness distribution on 
production V-8 cylinder blocks from both periods. 
Hardness values, including measurements on cylinder 
walls and pan rails, varied from 135 to 229 BHN be- 
fore installation of duplexing. Rejection of all blocks 
below 160 BHN was necessary to assure satisfactory 
field service requirements. The range has now been 
narrowed to 163 to 212 BHN. Rejection of cylinder 
blocks because of hardness deviation has been negli- 
gible since duplexing was begun. 


TEMPERATURE CONTROL 


The advantage of an electric holding furnace for 
temperature control is quite obvious. Not only can 
uniformly hot iron be delivered to the transfer ladles 
regardless of delays, but extra temperature can be 
achieved to compensate for unusual conditions such 
as the initial heat loss in handling at the start of the 
first shift. The first iron from the cupolas is now used 
in castings. 

There is no initial period of pigging as was pre- 
viously customary. All pigging has been eliminated in- 
as-much as cold metal held at the pouring line can be 
returned to the electric furnace for reheating. 


SCRAP REDUCTION 


The foundry currently operates at a much lower 
rejection rate than ever before. Loss of castings charge- 
able to the melting department due to slag, misruns 
and off-specification iron is almost negligible. 


CHARGE COST 


One of the most significant advantages of the du- 
plexing operation which had not been anticipated was 
satisfactory operation on lower cost materials in the 
cupola charge. The use of cast iron and steel briquettes 
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was formerly limited to a maximum of 20-25 per cent 
in the cylinder iron and none in the soft iron. The 
foundry is currently operating with 20-25 per cent 
briquetted borings and turnings in the cylinder iron 
charge, and 10-15 per cent briquettes in the soft iron 
charge. The difference in charge make-up for cylin- 
der iron is shown in the Table 1. 

The straight cupola operation at the foundry had 
required a premium grade of alloy pig iron. Due to 
the continuous blending of metal from two cupolas, 
lump and briquette ferro-alloy additions can now be 
utilized to the fullest. Reduced cost can often be 
achieved depending on market prices of scrap and 
raw materials. Furthermore, electric furnace iron is 
inherently harder than cupola iron of the same com- 
position, a condition attributed to better solution of 
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Fig. 6—Variation in chill test for cylinder iron before and after 
installation of duplexing operation. 
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TABLE | — CHANGE IN CYLINDER IRON CUPOLA 
CHARGE COMPOSITION PERMITTED BY 
DUPLEXING PRACTICE 





Cylinder Iron Charge Charge 
Cupola Charg: Before After 
(5000 lb ) Duplexing, ‘ Duplexing, ‘ 


Steel Scrap 14.9 9.0 
Steel Briquett« 9.9 13.0 
Cl Briquette 14.9 17.0 
CI Scrap 31.7 30.0 
Malleable Pig 21.8 29.4 
Briquette (Si, Mn, Cr) 1.6 
Cr, Mn, Si Pig Lron } 

Silicon Pig (16° Si) 9.5 


100.0 100.0 
Coke $50 lb 580 lb 
Limestone 235 Ib 175 lb 





the graphite nuclei. Alloy content may, therefore, 
be reduced to the low side without impairing mechan- 
ical properties. 

Operating two-cylinder iron cupolas near maximum 
capacity rather than three cupolas intermittently af- 
fords further savings by improving the metal/coke 
ratio from 5.9/1 to 8.6/1 with an accompanying re- 
duction in limestone. 

The net savings in charge materials amounts to 
approximately $4.00-$4.50 /ton of iron. 


INCREASED PRODUCTIVITY 
Conversion of the cupolas to front slagging, and 
increasing the capacity of the transfer ladles from 
1 ton to 2-1/2 ton capacity, resulted in an increase 
of approximately 40 per cent in the direct labor 


productivity of the melting department. This was 
achieved by continuous tapping into a metal reservoir 
which could supply the larger transfer ladles without 
risk of emptying the furnace. 


MISCELLANEOUS BENEFITS 
Front slagging also eliminated the nuisance of slag 
wool which previously floated to all parts of the melt- 
ing and molding areas. Duplexing with front slagging, 
therefore, proved to be a much cleaner and a more 
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efficient operation. Finally, there was evolved a much 
improved relationship between the foundry and the 
machine shop. This is difficult to evaluate in dollars 
but is of vital importance in improving the foundry 
product and reducing over-all costs. 

DISADVANTAGES OF DUPLEXING 

The possible disadvantages of duplex operatious 
should not be over-looked. Heading the list is the ab- 
solute dependence of the entire metal flow on one 
conversion unit. Since all the cylinder iron passes 
through the one duplexing furnace, any shut down of 
this unit will stop all the cylinder iron lines. It is 
expected that ample preventative maintenance and 
well-timed repair will minimize this possibility. 

The only serious problem experienced in the initial 
operation of the electric furnaces was holding the 
banks due to the high fusion materials used in repair. 
The bottom and banks are now repaired with a natu- 
ral sand which has a lower fusion temperature and 
will sinter with the residual heat of the furnace. 

Refractory costs for the front slagging cupolas were 
increased over that of the intermittent tap-type cupola 
primarily because of the maintenance of the troughs 
and launder. For cylinder iron this increase was only 
4.5 per cent. For soft iron the increased refractory 
cost was approximately 46 per cent. The increase for 
the cylinder iron would be greater except for the 
elimination of one cupola made possible by the elec- 
tric furnace. Two cupolas are now furnishing as much 
iron as three cupolas did previously. 

The over-all increase in operating costs including 
power, electrodes, refractories, and amortization is in 
the range of $0.75 to $1.50 per ton of iron tapped. 
This it more than offset by the $4.00-$4.50 per ton 
savings in materials charged into the cupola. 

The success of the duplexing operation at the foun- 
dry may be attributed to the determination to exploit 
every advantage the electric holding furnace afforded. 
The over-all package of improved quality, greater 
productivity, and lower metal costs has been most 
gratifying. 





SALT BATH HEAT TREATMENT VS. QUENCH AND TEMPER 
STANDARD AND PEARLITIC MALLEABLE 


By 
P. W. Green* 
ABSTRACT T.M. 35018 grade. Typical properties obtained in the 
This paper gives a preliminary coverage of the basic pearlitic grades produced with a constant heat-treat- 
manufacturing methods used in the production of stand- ing cycle and variable manganese levels are shown in 
ard and pearlitic grades of malleable iron, a physical Fig. 1. : 


property comparison between oil-quench and temper and , u 
isothermal salt transformation of standard and pearlitic Both of the above mentioned end product mate- 
malleable iron, and a comparison of the microstructures, rials can be further heat treated similar to steel. 


mechanical properties and hardness values obtained 7 
. : : TABLE 2 — TYPICAL CHARGE, MALLEABLE AND 
from the two heat treating techniques. PEARLITIC MALLEABLE IRON 





Ingredient Percentage 
All iron to be used in the production of standard a me: 
35018 grade malleable iron and the various grades \alleable — 3. 5 
of pearlitic malleable produced is melted in a conven- Steel Rail 10-12 
tional batch-type furnace, fired with pulverized coal. Pig Iron 
The base chemistry of the metal is given in Table 1. 

Laboratory weighed packets of 8-mesh medium- 100000 
carbon ferro-manganese are added to the ladle to 
give 0.60-0.85 per cent contained manganese in the TYPICAL PROPERTIES oF Ain. 
iron for pearlitic work. QUENCHED aNd SpHeroinizeD Pearuitic 

A typical charge is listed in Table 2. 20000 - ¢60-.85 Je Contained Manganese) 

The heat treatment of standard and pearlitic grades 
of malleable iron is done in 5-ton capacity, electric 
elevator car-type furnaces. The first stage of both 
classes is similar in that a high temperature of approx- 
imately 1800 F is maintained sufficiently long for mas- 
sive carbide breakdown. In straight malleable the load 
is then transferred to another furnace for complete 
anneal by slow cooling through the critical range. 
The pearlitic grades, on completion of the first stage, 
are air-quenched to give a fine pearlitic matrix, a sphe- 
roidizing treatment just below the critical completes 
the second stage. 

The standard malleable iron, produced from the 
base composition and heat treatment mentioned 
above, develops physical properties covered in A.S.- 
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TABLE 1 — BASIC CHEMISTRY OF MALLEABLE AND 
PEARLITIC MALLEABLE IRON 


Chemical 
Ingredient Percentage 
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~~. : 
Fig. 2—Solution and tempering furnaces along with agitated 
oil tank used in the quench and temper study. 


QUENCH AND TEMPER TREATMENT 

Standard and pearlitic malleable tensile test bars 
were used in this phase of the study in order to 
determine the various mechanical properties obtain- 
able. Brinell hardness readings were obtained follow- 
ing the quench and temper study by cutting wafers 
from the bars and brinelling the cut surface. These 
wafers were also used for the photo-micrographic 
work. A carbon block was used in the solution furnace 
to retard oxidation. 

Groups of bars from both classes of malleable were 
solution treated at 1600 F in a standard heat-treating 
furnace. After holding for 1 hr they were quenched 
in agitated oil to room temperature. 

The quenched bars were then tempered at various 
sub-critical temperatures for 2 hr. 

Figure 2 shows the type of equipment used while 
Fig. 3 shows the microstructure obtained as quenched 
in oil, The as-quenched Brinell hardness of the stand- 
ard malleable ran 520 while the pearlitic material (0.80 
per cent contained manganese) ran 530 Brinell. 

The results obtained on the quenched bars after 
tempering at various temperatures are shown in Fig. 4. 
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Fig. 4—Typical mechanical properties of regular and pearlitic 
malleable iron oil quenched and tempered at various tem- 
peratures. 


With tempering time remaining constant (at 2 hr), 
the hardness drops as the tempering temperature in- 
creases in both the regular and pearlitic malleable 
grades. 

When a comparison of hardness values to tensile and 
yield strength is made, the regular and pearlitic grades 
are similar. 

Also the elongation figures are identical when stand- 
ard and pearlitic irons are tempered to the same 
hardness value. 

As shown in Fig. 5, there is a constant increase 
in carbide precipitation and size as the tempering 
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Fig. 3—Martensitic structure ob- 
tained from the oil quench. Nital 
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Fig. 5—Photo-micrographs showing structures produced by 
oil quench and temper of regular malleable at 900 F, (upper 
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left), at 1100 F (upper right) and pearlitic malleable at 900 
F, (lower left), at 1100 F, (lower right) Nital etch, 1000X. 
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Fig. 6—Positive circulation salt bath equipment used in the 
isothermal studies, Solution salt (left) and (right) quench salt. 
temperature goes up. At 1200 F the microstructure 
showed signs of spheroidization taking place. 

The property data obtained from this study holds 
only within dimension limits of test bars used or where 
casting sections have comparable quenching rates. 

SALT BATH HEAT TREATMENT 

Standard and pearlitic malleable tensile test bars 
were also used in the isothermal transformation treat- 
ment study. The type of equipment used in this 
phase of the investigation is shown in Fig. 6. 

The bars were solution treated at 1600 F in molten 
salt to a structure of austenite and temper graphite, 
the same as in the quench and temper technique. 
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Fig. 7—Typical mechanical properties obtained from pearlitic 
malleable iron isothermally transformed at various sub-criti- 
cal temperatures. 
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Fig. 8—Typical mechanical properties on regular malleable 
iron isothermally transformed at various sub-critical temper- 
atures. 

After a 20 min soak at temperature, they were 
quickly transferred and quenched into constant tem- 
perature salt baths at various sub-critical tempera- 
tures and held sufficiently long for complete transfor- 
mation to take place. The physical properties 
obtained from bars isothermally quenched at various 
temperatures are shown in Figs. 7 and 8. 

As can be noted from Fig. 7, a dip in the elongation 
curve exists between 900-1000 F. The reverse of this 
characteristic also exists in the hardness curve of the 
pearlitic base material in Fig. 9. This correlation was 
not noted in the isothermally treated regular malle- 
able bars as shown in Figs. 8 and 9. 

The reason for the absence of the dip in the regular 
malleable material in the 900-1000 F range was that 
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Fig. 9—Hardness valves of regular and pearlitic malleable 
iron related to isothermal transformation temperature. 
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Fig. 10—Photo-micrographs showing the structures obtained 
by isothermal transformation of regular malleable iron at 
700 F, (upper left), at 800 F, (upper right) and pearlitic 
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the critical cooling rate was not exceeded and a 
mixed pearlitic-acicular structure existed. A slight dip 
does exist in the 700-800 F range due to the faster 
rate of quench of the 700 F salt. The quench into 
700 F salt was drastic enough to just nick the knee 
of the “S” curve, and the transformation product was 
essentially acicular with only a small trace of nodular 
pearlite present. 

The success of the isothermal quench process de- 
pends on a knowledge of the “S” curve (for malle- 
able irons it is similar to a S.A-E. 1060 steel). In order 
to obtain the structure 2nd hardness desired, the sec- 
tion must be cooled at such a rate, from its austenitic 
range, that no transformation takes place until the 
desired temperature is reached. The presence of 40 
extra points of manganese in the pearlitic bars shifted 
the “S” curve sufficiently to the right to allow more 
throat opening time. Photo-micrographs bear this out 
as shown in Fig. 10. 

The transformation product developed, at tempera- 
tures from 1200 F down to 1000 F, in the pearlitic 
were nodular pearlitic, while from 900 F-600 F the 
transformation product was acicular in nature. With 
the regular malleable an acicular transformation made 
its first appearance at the 700 F quench level. 


SUMMARY 


In summarizing, the following comparisons can be 
made:— 
1. In the oil quench and temper technique, high 
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manganese pearlitic materials have higher tensile 
and yield values than the regular malleables for a 
given tempering temperature. 

2. For the same hardness values regular and pearlitic 
materials develop the same elongation and rela- 
tively the same tensile and yield strengths. 


ee) 


The higher the tempering temperature the softer 

the product in a straight line function. 

4. With salt bath treating, the acicular transformation 
products have higher tensile, yield and elongation 
properties than the pearlitic transformation prod- 
ucts for comparable hardness levels. 

5. Comparing equal hardness values, the acicular 
transformation products have higher ductilities than 
the oil-quenched and tempered materials. 

Further work in the field of isothermal heat treat- 
ment along the line of impact strength should prove 
worthy. The impact properties of steel are greatly 
enhanced in isothermal treating over oil-quench and 
temper to the same hardness. 

When this paper was written, the author included 
information and expressed opinions he believed to 
be correct and reliable. However, because of the 
constant advance of technical knowledge, the widely 
differing conditions of possible, specific applications, 
and the possibility of misapplication, neither the au- 
thor nor his employer makes any warranty with re- 
spect to, or assumes any liability arising out of this 
paper, its contents, or its use. 
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SILICON: PRESENT AND FUTURE 


By 


Walter E. Remmers* 


INTRODUCTION 

If silicon in its various forms were not available, 
there would be no meeting of foundrymen here this 
morning, in fact, there would be no building such 
as this for us to occupy. There is even a probability 
that we would be a different people living in an 
entirely different environment. That silicon plays a 
fundamental role in our entire existence becomes ob- 
vious when we begin to think of its many applications. 

Throughout our entire life silicon, in some form, is 
seldom, if ever, more than an arm’s length away. It 
may be the sand in the concrete floor beneath us, 
or an alloy in our aluminum chair. It may be in the 
steel of our automobile, or in the lens of our reading 
glasses. It is one of the oldest materials used by man. 
Earthenware jars for food or water were of clay. The 
weapons and tools of prehistoric man were of flint, 
and he ignited his fires by striking two pieces of 
Hint together. To this day, silicon in one form or 
another, continues as one of man’s most useful ele- 
ments. 


SILICON ABUNDANCE 


It is one of the most common materials in the earth’s 
crust. Next to oxygen, it is the second most abun- 
dant element. In nature it is found in the oxide form 
as sand, or combined as a silicate in some minerals. 
It is one of the most versatile of the elements, not 
only in application but in price as well. In the form 
of sand or gravel it is one of the cheapest of indus- 
trial raw materials, whereas, in its highly purified 
form the cost is several hundred dollars per Ib, a 
range of about 1-1,000,000. 

Because the use of silicon in its various forms is so 
widespread, it would not be possible to cover all of 
them in any single discussion. Therefore, let us consid- 
er silicon as it is used in present-day applications that 
involve metallurgical and kindred processes of interest 
to most of us, and then look toward developments 
in the future. If I speak of subjects closely related 
to the interests of my company, it is because the 
author’s company has been actively associated with 
the development of silicon products and processes 
from the earliest days. 

Although impure forms of silicon had been pro- 
duced, ferrosilicon was of no interest commercially 
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until Henry Bessemer found that the addition of 
silicon to blown metal from a converter produced 
sound steel. This was just a century ago, so in effect 
we are now celebrating the centennial of the use of 
silicon in steelmaking. Interest in silicon increased at 
a rapid rate after Hadfield published the results of 
his comprehensive investigation of the effects of sili- 
con in steel. His important discovery of the effects 
of several per cent of silicon on the magnetic proper- 
ties is responsible for the high silicon electrical steels 
of today. 


EARLY MANUFACTURE 


Once the remarkable metallurgical advantages of 
using silicon became known, a demand was created 
for a material that was not readily available at that 
time. It was de Chalmot in 1893 who began the 
electric furnace manufacture of ferrosilicon at Spray, 
N. C. This was in the plant of a predecessor of 
Electro-Metallurgical Co. A graphic sketch of a sub- 
merged arc furnace as used in the production of 
ferrosilicon is shown in Fig. 1. The earlier furnaces 
were not covered as is this one. 

Commercial alloys of silicon and iron can be ob- 
tained today in compositions that range from rela- 
tively pure iron to extremely pure silicon. 

Although elemental silicon is classed chemically as 
a non-metal, it does possess metallic characteristics 








Fig. 1—Cross-section of modern covered submerged arc furnace. 
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so it is no surprise that the purer grades of silicon 
for alloying purposes are known as silicon metal. 

Because it weighs less than one-third as much as 
iron, the ferrosilicons are lighter than iron. Ferro- 
silicon gradually becomes nonmagnetic as the sili- 
con content increases through the range of 15 per 
cent to about 21 per cent and remains nonmagnetic 
throughout the higher silicon contents. 

You are familiar with the many grades of ferrosili- 
con, along with a substantial number of other alloys 
of silicon with chromium manganese, and many other 
metals. 

SILICON IN STEEL 

Silicon is one of the most extensively used ferro- 
alloy elements, being second only to manganese 
among the alloy materials used by the steel industry. 
In practically all grades of steel, except rimmed steel, 
some silicon is required. Even in rimmed steel, small 
additions are used for control purposes. The silicon 
content of finished steel ranges in amounts of less 
than 0.02 per cent almost continuously to 5 per cent, 
with a few foundry specifications as high as 9 per cent- 
14 per cent. 

The use of silicon as an alloy in steel is very well 
known by all of you for increasing yield, tensile and 
fatigue strengths in engineering steels, for the purpose 
of decreasing hysteresis loss in electrical steel, or for 
improved oxidation resistance in stainless steel. An 
estimated saving of $800,000 was effected by con- 
structing a bridge of alloy steel, instead of carbon 
steel as used in adjacent structure. A silicon alloy steel 
was used for the highly stressed members of this 
new bridge. 

The 50 per cent grade is the principal ferrosilicon 
used by the steel industry, mainly as a ladle addition. 
However, substantial quantities of other grades such 
as 75 per cent are used as a mold addition for 
capping semi-killed steel, as a mold coating for spe- 
cial steels, and for addition to high silicon steels. 
The 15 per cent grade sometimes known as silvery 
pig iron, is used for blocking open hearth heats. How- 
ever, many steel makers prefer silico-manganese for 
this purpose for its greater effectiveness and improved 
cleanliness of the steel. 

In the early development of alternating current elec- 
trical power it was found that the energy loss in 
motors and generators was excessive. It was only 
through Hadfield’s discovery of the beneficial effects 
of 1 per cent-5 per cent silicon on the magnetic 
properties of steel that use of alternating current grew 
to maturity. 


Silicon-Electrical Cores 

Without silicon-electrical cores in the transformers 
high tension distribution of power plants would not 
have been possible. We would probably have many 
small power plants widely distributed, instead of large 
scale centralized generation. 

I am sure you agree with me that without alter- 
nating current as a practical system of electric power, 
electrical energy would cost more and our industrial 
economy would be vastly different from what it is 
now. 

The manufacture of high silicon electrical steel 
created a demand for higher silicon and lower im- 
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purity grades of ferrosilicon, and so we find 65 per 
cent, 75 per cent, and 85 per cent in special as well 
as in regular grades being developed. The use of 
these materials is particularly interesting in that an 
addition of solid 65 per cent ferrosilicon to molten 
steel results in no heat being gained or lost, whereas 
the higher silicon alloys are quite exothermic and 
generate heat when added. 

In addition to the foregoing, pressures for other 
metallurgical improvements developed aircraft qual- 
ity alloy steels, weldable high strength steel, and 
high temperature alloys. 

As a result, there are now a number of binary 
and complex silicon compositions for special purposes, 
such as calcium-silicon for developing ball-type in- 
clusions in bearing steels and for reducing hot-short- 
ness in the high nickel alloys; calcium-manganese- 
silicon for deoxidizing, increasing ductility, reducing 
hot shortness, or desulfurizing through heavy addi- 
tions. Some of the other alloys for special purposes 
are zirconium-silicon for non-aging, titanium-silicon 
for high-temperature purposes, and iron-aluminum-sili- 
con for deoxidation. 


Low-Carbon Alloys 

But silicon is of great importance to the steelmaker 
in an entirely different way as well. Dr. Becket, who 
was responsible for developing the manufacture of 
low carbon ferrochrome in the are furnace, found 
that silicon could be used as an economical chemical 
reagent in producing low carbon ferroalloys, such 
as ferrochrome, ferromanganese and ferromolybden- 
um. In his procedures, silicon replaces carbon as a 
reducing agent. 

When present in increased amounts, it displaces 
carbon in the product. This made possible the pro- 
duction of ferrochrome-silicon, an alloy very low in 
carbon content. When the silicon in such an inter- 
mediate low-carbon alloy is oxidized by a metallic 
oxide such as chrome ore, low-carbon, low-silicon fer- 
rochrome is produced. Except for the more recent 
solid-decarburized ferrochrome, and a very small 
amount of aluminothermic alloys, practically all of 
the low-carbon ferroalloys of chromium and manga- 
nese are made by variations of this process. 

It is notable that silicon displaces sulfur too, so that 
low-carbon ferrochromium and ferrochrome-silicon are 
very low in the content of this element. This is par- 
ticularly fortunate because the stainless steels in 
which these are used are quite sensitive to the effect 
of sulfur on hot-shortness. 

The substitution of silicon for carbon is likewise 
utilized for the preparation of special alloys such as 
zirconium-silicon, titanium-silicon, calcium-silicon, and 
calcium-manganese-silicon. These would otherwise be 
made by an aluminum reduction or by some other 
means. 


In Stainless Steel Making 

Another development of this process is the use of 
silicon in the form of ferrosilicon or ferrochrome-sili- 
con to reduce chromium from the slag in making 
stainless steel. This is quite essential for increasing 
the recovery of chromium in the oxygen-blown proc- 
ess. With economic pressures to use the lowest cost 
source of chromium in the furnace charge and do 
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more refining in the furnace, the use of silicon as a 
reducing agent in stainless-steel mz iking will increase. 

The process of producing ferromolybdenum is quite 
different but it too uses silicon as a reducing agent. 
In this case, the ferrosilicon contains a substantial 
amount of aluminum which contributes to the effi- 
ciency of the reduction and to the exothermicity of 
the reaction. 

When discussing steel, another seldom thought-of 
contribution of silicon should be mentioned. In the 
sink and float process of concentrating iron ore, mag- 
nesite and other minerals, crushed 15 per cent ferro- 
silicon is used as the densifying medium. Crushed to 
60 or 80 mesh, this grade is suspended in water to 
provide the desired increase in density. It is magnetic 
for easy recovery and is oxidation-resistant so that 
intermittent operations do not cause rusting and cak- 
ing. 

With the need for magnesium metal at the begin- 
ning of World War II, 75 per cent ferrosilicon be- 
came important as a new reducing agent for the 
solid state reduction of magnesium from dolomitic 
limestone. 


SILICON IN IRON 

The use of silicon to control the structure of iron 
and the properties of castings is well known in the 
foundry industry. Since the early evaluation of iron 
by fracture te sts, foundrymen have been see king im- 
proved quality at low cost. The increased use of 
scrap tended to lower the total carbon content. Some 
foundrymen corrected this carbon deficiency through 
the use of lower silicon, higher carbon grades of pig 
iron in the charge and providing the needed silicon 
in more concentrated form, either in the furnace or 
in the ladle. 

Silicon additions to the cupola or air-furnace charge 
are made in the form of crushed ferrosilicon briq- 
uetted with a cement binder, as 15 per cent pig, or 
as specially sized lump 50 per cent ferrosilicon. 

Comparative costs of achieving the desired results 
are usually the determining factor in selecting the 
form of addition. The protective cement binder of 
briquets and the opportunity to use more scrap pro- 
vides some advantage. 

Crushed ferrosilicon in the range of 75 per cent- 
90 per cent was found to be a useful ladle or spout 
addition for its rapid solution and for its effectiveness 
as an innoculent. Subsequently, a number of ladle 
and spout alloys were developed to produce uniform- 
ity in high-strength irons without seriously affecting 
the machinability. These alloys which improve tensile 
strength and transverse properties, generally contain 
silicon with manganese, zirconium, calcium, or other 
metals in properly balanced proportions to effect a 
strong graphitizing innoculation. 

In Ductile Iron Making 

Well known in the industry was the further de- 
mand for a ductile iron as-cast. To fill this demand 
and for better control of physical properties, the use 
of magnesium with silicon was found to be a desir- 
able contribution for innoculation. Nickel-silicon-mag- 
nesium and magnesium-bearing ferrosilicons were pro- 
duced as effective ways of adding it. Several ductile 
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Fig. 2—Ductile iron paper mill gears, still good after 2 years 
where cast iron wore out in 6 months. 


iron paper-mill gears are shown in Fig. 2. They are 
still in use after two years, whereas, normal life of 
the same gears when cast in ordinary cast iron was 
about six months. 

Some grades of magnesium-ferrosilicon contain 
small percentages of the rare earth metals up to 1/2 
per cent for neutralizing unwanted elements that in- 
hibit the formation of spheroidal graphite. 

In the malleable foundries, a need for reduced time 
and better control of annealing brought about the 
production of a boron-containing 50 per cent ferro- 
silicon. The boron tends to nullify deleterious effects 
of some impurities and thereby accelerates annealing. 

A sulfuric acid plant uses a substantial number of 
high silicon castings for their corrosion-resistant prop- 
erties. In this plant, the 9 per cent silicon castings 
were specified. 

SILICON IN DIE CASTING 

The largest consumption of silicon metal is in the 
production of aluminum alloys for the foundry and 
for the die-casting industry. Some of these may con- 
tain as much as 12 per cent silicon. Improved fluidity 
and decreased hot shortness are the beneficial effects 
of the silicon. 

For maintaining a low-calcium content in aluminum 
alloys, a low-calcium grade of silicon metal is avail- 
able. 

Silicon carbide, well known to the foundryman 
as a grinding wheel abrasive of large tonnage and 
long-time production, is used as raw material by the 
chemical industry in producing silicon tetrachloride 
for manufacturing compounds such as ethyl silicate 
and white carbon black which is silica in an extreme- 
ly fine particle size. 

SILICON IN INVESTMENT CASTING 

Ethyl silicate, so essential to the investment cast- 
ing industry, provides an adhesive, heat-resistant form 
of silica for bonding the investment or mold _ body. 
Figure 3 shows a tree of investment cast stellite valve 
seat inserts before being removed from the gate. 
Ethyl silicate as a source of silica has contributed 
immeasurably to the enormous growth of the invest- 
ment process in which castings are made from pat- 
terns that are too intricate to be drawn in sand. 
An exceedingly fine silica coating on the pattern 
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Fig. 3—Investment 
castings for intern- 
al combustion en- 
gine valve seat 
inserts before sepa- 
ration from gates 
and risers. 
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before investment shown being applied in Fig. 4, 
produces a casting of rather accurate dimensions 
with a smooth surface. A minimum of grinding is usu- 
ally sufficient for finishing. 

Investment casting using ethyl silicate has been 
used to produce numerous small parts from dentures 
to blading for jet engines. Development has now pro- 
ceeded to the point that castings as complicated as 
the entire wheel of a turbo-supercharger can be pro- 
duced readily as a single casting. 

The use of some types of electrical apparatus at 
high temperatures has been limited by the ability 
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Fig. 4—Dipping an investment casting wax pattern in a silica 
solution. 
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of rubber and other insulating materials to withstand 
the elevated temperature. Likewise, in aircraft and 
other types of internal combustion engines, a need 
developed for lubrication and rubber parts that would 
endure at higher temperatures. Here again we find 
ubiquitous silicon playing an interesting role as the 
important element in a group of synthesized organic 
chemicals known as silicones. These substances are 
polymers wherein silicon atoms replace certain car- 
bon atoms in chain compounds. 
SILICONES 

To produce silicones, silicon metal is reacted with 
organic materials in large continuous reactors. The 
resulting mixtures of organo-silanes are separated in 
fractionating columns, and then polymerized into oils, 
resins, and rubbers under accurately controlled con- 
ditions. The products are a unique group of over 150 
different and versatile man-made chemicals which are 
unknown in nature. For example, the squeeze roll 
for combining plastic and paper for counter tops is 
made of silicone rubber. 

These silicones are notable for their heat stability, 
dielectric properties, good resistance to chemical at- 
tack, and for their unusual surface activity. 

Thus silicone oils, because of heat stability and 
other properties, find use as high-temperature lubri- 
cants, hydraulic fluids, and electrical oils. Silicone 
rubber is used in electrical apparatus and appliances 
such as motors, electric irons, ovens, and special wir- 
ing where high-temperature service is important. A 
motor stator being dipped into a silicone solution 
for high temperature insulation and moisture-proofing 
is shown in Fig. 5. Its utility at both high and low 
temperatures is the reason for military vehicles, ships, 
aircraft, and submarines consuming large quantities. 

The usual surface properties of silicones have led 
to their use in cosmetics and water repellents, as 
anti-foaming agents, and as the important constituent 
of the modern wipe-on, wipe-off automobile polishes. 

In shell molding, an emulsion of a silicone oil 
serves as a pattern dressing for improved mold re- 
lease. Sludge buildup is practically eliminated. 





Fig. 5—Dipping a motor stator in a silicone impregnating 
varnish. 
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Fig. 6—Pouring brass castings by the shell molding process. A 
silicone release agent is used in making the shell mold. 


Shell molding, well known to most foundrymen, 
consists of two mold halves produced by covering 
a hot pattern plate with a mixture of sand and 
phenolic resin. The resin quickly sets with the sand 
into a smooth, hard shell, ready for assembly into 
a mold to receive molten metal. Figure 6 is a brass 
foundry pouring operation where shell molding is 
used. Good finish, accurate dimension, and almost 
infinite storage life of the shells are the advantages 
well known in the industry. 

One variety of silicone possesses an aversion for 
water. When this colorless material, dissolved in a 
volatile hydrocarbon, is freely applied to a masonry 
surface the solvent evaporates without sealing the 
surface. The brick work and black marble exterior 
of a district office building has been waterproofed 
with no change in appearance. The almost paradox 
is that a porous masonry surface turns back the wa- 
ter as a result of the repellent properties of the ab- 
sorbed silicone. 

If you have been watching the television perform- 
ances recently, you may be aware of the use of sili- 
cones in lotions to prevent chapped hands, and in baby 
powders to prevent diaper rash. We might say that 
silicones reduce irritation in nursery as well as in 
foundry. 


SILICON VS. ELECTRICITY 

Silicon and germanium are electrically active ele- 
ments, yet they are not classed as conductors or as 
nonconductors of electricity, instead they are known 
as semi-conductors. 

The electrical characteristic of semi-conductors has 
resulted in one of the outstanding scientific and in- 
dustrial developments of today. Several scientists 
working at a telephone company laboratory devel- 
oped a small device utilizing crystals of germanium 
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and silicon. These devices, known as transistors, are 
electric valves that control the flow of energy in 
electrical circuits in much the same manner as a 
vacuum tube. Similarly small diodes and larger rec- 
tifiers operate as valves that pass current in only 
one direction and block it in the other. 

Although, as a semi-conductor, germanium is easier 
to use in transistors, silicon of controlled high purity 
has become the important material for transistor and 
diode crystals. In addition to being abundant, it is 
able to perform at elevated temperatures of 200- 
300 C, and can operate at higher power levels than 
germanium. 

Transistors, with their small size, minute power 
requirements, and greater dependability, are replac- 
ing vacuum tubes. You know of this use in miniature 
radios, but there are extensive applications in broad- 
cast equipment, aircraft apparatus, machine tools, 
computers, and for many other purposes. Their small 
size and reliability makes possible the control of 
guided missiles and messages from man-made plan- 
ets. In our daily living these devices provide the 
possibilities of many more conveniences, such as au- 
tomatic controls and individual communication. A 
portable transistor phonograph can operate off of two 
flashlight batteries. 


HIGH PURITY SILICON 


Silicon, with impurities of not more than 10?-10? 
ppm is required for these new devices, depending 
upon the application. Until recently, purity of this 
order was unobtainable by any known metallurgical 
process, in addition to being beyond measurement 
by established procedures. 

To produce these high purity crystals of silicon, 
entirely new procedures in metallurgy were re- 
quired. New concepts of solid solubility, crystal 
growth, nucleation, diffusion, and other phenomena 
were incorporated into processes such as zone re- 
fining and zone leveling developed by a telephone 
company laboratory. To produce the highest level 
of purity, the unwanted impurities are swept through 
a rod of hot silicon. This is done by pushing them 
ahead of a solid-liquid interface with the noxious 
elements advancing in the progressing liquid phase. 
When they reach the end of the rod and solidify, 
they are discarded mechanically. 

In a somewhat similar manner, the desired ele- 
ments to be introduced into a high purity rod in 
controlled amounts is brushed through the rod leav- 
ing an infinitesimal, but desired quantity behind. 
These new technologies, when applied to other met- 
als, may afford an opportunity for study of entirely 
new areas of high purity metallurgy. 

When the same electrical phenomenon of permit- 
ting flow of current in only one direction, such as 
in the diode, is applied to larger units of greater 
current-carrying capacity, they are known as rectifi- 
ers. The use of silicon as a semi-conductor in rectifiers 
for converting alternating current to direct current 
is new and expanding rapidly. Silicon diodes and 
rectifiers are much smaller and more reliable than 
some of their predecessors. They are replacing vac- 
uum tubes, mercury-are rectifiers, and motor-gener- 
ator sets. 
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The ability of a silicon rectifier to operate at high 
er temperatures and consistently at higher power 
throughout, permits a tremendous reduction in size 
that is especially significant in applications where 
weight and space must be conserved. Silicon recti- 
fiers are being produced in units of increased current 
carrying capacity with one manufacturer now build- 
ing a 400-amp direct-current arc welder using this 
principle. 

Rectifiers use a lower grade of high purity silicon 
than transistors. This permits refining by recrystalli- 
zation from a molten bath of silicon through the 
introduction of a seed crystal at a carefully controlled 
temperature in an inert atmosphere. The rod thus 
formed on withdrawing the slowly solidifying silicon 
may be cut to size for use when no further refining 
is necessary. 

Although sales of semi-conductors are doubling and 
even tripling annually, the effect has been stimulat- 
ing for a tremendous growth in the entire electronic 
industry. Total sales of the various semi-conductor 
devices are expected to reach a level of at least 
$500,000,000 by 1965. 


SILICON IN SOLAR CELLS 


Silicon possesses one additional characteristic that 
may prove to be of great importance, that is the 
ability to convert light into electrical energy. When 
sunlight impinges on the surface of silicon electrical 
energy is generated. A unit performing this func- 
tion is known as a solar cell. Its life appears to be 
indefinite. Assemblies have been designed that will 
generate as much as 25-watts and capable of supply- 
ing 5-watts over a 24 hr period. 

Although this is still relatively small in terms of 
power, solar cells nevertheless provide opportunities 
for energizing unmanned transmitters, weather sta- 
tions, and similar devices. A sun-powered hearing 
aid is a very recent development. The entire power 
unit consisting of the silicon solar cell and a tiny 
storage battery is mounted in one temple bar of 
horn rim eyeglasses, with the hearing unit in the 
bar on the opposite side. It is reported that the 
light on a slightly overcast day will provide sufficient 
power to operate the transistor hearing aid without 
drawing on the battery for additional energy. The 
battery operated transistor hearing aid is completely 
contained in one side. The solar cell operated hear- 
ing aid is similar in appearance. 

SILICON COMPOUNDS 

Research scientists have not been devoting all of 
their attention to pure silicon, some have been study- 
ing silicon compounds too. The silicones are one 
group of complex organic chemicals that have 
evolved from this research interest. There are a num- 
ber of other developments in the field of binary 
inorganic compounds of silicon similar in chemical 
makeup to well-known silicon carbide. A few of the 
newer ones beginning to attract attention are silicon 
nitride, molybdenum disilicide, and silicon monoxide. 
Some of these are so new that chemical and _ physi- 
cal data are still being accumulated. 

Silicon nitride, for example, has been known for 
many years but was largely a laboratory curiosity 
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until 1948 when the author's company’s researchers 
started an investigation of its physical and chemical 
properties. Produced by nitriding silicon metal in an 
atmosphere of nitrogen at relatively high tempera- 
tures, silicon nitride shapes and powder are emerg- 
ing in a field of usefulness that could be extensive. 
Articles can be produced by slip casting, pressing, 
or by extruding, without the addition of any out- 
side bonding material. They possess strength, chem- 
ical stability, a high degree of hardness, and good 
resistance to thermal shock. 

A useful characteristic of silicon nitride is that 
most of the molten nonferrous metals hardly wet it. 
In its initial applications it has been used for thermo- 
couple protection tubes and small melting crucibles 
where freedom from contamination is important. It 
has been tried successfully for coating ladle linings 
and in mold washes for sand castings. Crucibles 
and boats are used for such zone refining or leveling, 
because silicon nitride is not wet by molten ger- 
manium or molten silicon. 

Silicon nitride, with its resistance to high-temper- 
ature oxidation and high-velocity erosion, is being 
tested for coating graphite nozzles of rockets and 
as a solid insert in the throats of rocket nozzles. Al- 
though other insert materials have surpassed it in 
static tests, its low density may be an important 
factor in a missile where weight is so critical. 


Molybdenum Disilicide 


Another compound of silicon and molybdenum, 
known as molybdenum disilicide, is a new product 
that may be useful for similar high temperature ero- 
sion applications. It can be fabricated in ways simi- 
lar to those for silicon nitride. Its greater resistance 
to high-temperature oxidation and erosion is offset 
to some extent by its lower resistance to thermal 
shock and its weight which is more than twice that 
of silicon nitride. 

Silicon Monoxide 

Silicon monoxide is another of the newer inorgan- 
ic compounds of silicon for which applications are 
still being found. Its use until recently has been 
limited to the protective coating of optical and pho- 
tographic lenses and reflectors of powerful search- 
lights. Through a process of high-temperature vapo- 
rization, a coating is deposited that is so thin it 
transmits light, and yet it is hard enough to with- 
stand scratching, abrasion of use and exposure. 

A fascinating and new application of silicon monox- 
ide is in the outer coatings of the U. S. Navy Van- 
guard planets now whirling in outer space. This is 
not done for abrasion-resistant purposes, but is based 
on the ability of silicon monoxide to absorb a band 
of radiation of given wave length. The planet is 
coated with two very thin layers of silicon monoxide 
alternately on flash coatings of chromium and alu- 
minum. In this way it is possible to predetermine 
the amount of radiation to be absorbed by the planet 
and thereby limit the inside temperature to a range 
satisfactory for operation of contained apparatus. 

Silicon, an abundant element from the commonest 
of raw material, has a future as challenging as man 
conquering space. 
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ABSTRACT 

Cr-Ni-P, Cr-Mn, and Cr-Ni-Mn-V_ types of age- 
hardenable austenitic steels which have high-strength 
characteristics in wrought forms were investigated for 
use as high strength, nonmagnetic steels for castings. 
A Cr-Ni-P austenitic steel with 0.3 per cent C and 0.25 
per cent P developed yield strengths at the 100,000 
psi level. The Cr-Mn type of austenitic steels contain- 
ing phosphorus or vanadium were age _hardenable, 
but castings of these alloys were brittle when they 
were heat treated to high-strength levels. Modifying the 
wrought Cr-Ni-Mn-V composition resulted in an alloy 
with good ductility and yield strengths at the 100,000 
psi level. 

A fourth type of age-hardenable, austenitic steel, Mn- 
V, containing a minimum of alloying elements was 
developed. Four compositions which were cast and heat 
treated to yield strengths at the 100,000 psi level are 
reported. 


INTRODUCTION 

Naval engineers designing hardware for minesweep- 
ers are handicapped because they lack suitable high- 
strength, nonmagnetic casting alloys. Nonferrous 
alloys and conventional austenitic steels have limita- 
tions with regard to yield strength, modulus of 
elasticity, endurance limit or machinability. In recent 
years, compositions of wrought steels with austenitic 
microstructures have been developed that can be 
age hardened to high hardness levels and _ yield 
strengths in the range of 88,000 to 147,000 psi.'?" 

The heat treatments of these alloys consist of a 
solution anneal at temperatures in excess of 2000 F 
followed by a water quench and then aging for peri- 
ods up to 20 hr at temperatures between 1200 and 
1400 F. The increase in hardness during the aging 
treatment results from a precipitation of minute car- 
bides throughout the microstructure. Large primary 
carbides remain in many alloys after forging and 
rolling operations, but they are discontinuous and 
evenly distributed throughout the microstructure and 
thus do not present a problem for ductility. 

The applicability of three types of these wrought 
alloys for use in castings was investigated. A fourth 
type of alloy having no direct wrought counterpart 
was developed that contains a minimum amount of 
nickel. The tensile properties reported were obtained 
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with the various alloys heat treated to maximum 

hardness levels with the intention of demonstrating 

the potential merit of the composition. The establish- 

ment of optimum ductility properties of the alloys 

of potential merit requires additional research. 
PROCEDURE 

All of the steels were melted in a basic-lined in- 
duction furnace having a 100 lb capacity. Armco iron 
was used as the base metal and appropriate quanti- 
ties of master alloys were added to obtain the desired 
compositions (Table 1). A flow of dry helium was 
introduced during the meltdown and the superheating 
period through a loosely fitted cover to minimize 
hydrogen pickup and oxidation of chromium and man- 
ganese. Keel blocks and cylindrical test bars were 
cast at 2850 F directly from the furnace. 

The test bar casting (Fig. 1) was designed to 
simplify the preparation of specimens for hardness 
and tensile tests as many of the alloys were difficult 
to machine even in the solution annealed condition. 
A cylinder 4-in. tall with a 2-1/2-in. diameter, gated 
from the runner of the casting in Fig. 1, was included 
for each type of alloy to determine its solidification 
characteristics. A Pt-Pt 13 per cent Rh thermocouple 
was positioned in the center of the cylinder, and the 
cooling curve was obtained with an electronic tem- 
perature recorder. 

The high chromium-nickel steels were poured in a 
conventional western bentonite bonded silica sand, 
but the molds for alloys with a high manganese con- 
tent were prepared from the sand mixture presented 
in Table 2. 

The cylindrical test bars were solution annealed 
for 1 hr at 2100 F and water quenched. The specimens 
for the hardness tests were then cut with an abrasive 

TABLE 1 — NOMINAL ANALYSES OF MASTER ALLOYS 

FOR PPT.-HARDENING AUSTENITIC STEEL HEATS® 








High 
Carbon 
Ferro- Lump Ferro- Ferro-  Ferro- Ferro-  Ferro- 
Man- Man- Vana- Molyb- Phos- Chro- Sili- 
ganese ganese dium denum phorus’ mium con 
% yA % Of € A % Ne 
Iron 13.0 1.8 68.0 41.0 76.0 30.0 50.0 
Carbon 6.7 0.13 0.06 
Manganese 80.0 98.0 
Vanadium 31.0 
Molybdenum 59.0 
Phosphorus 24.0 
Chromium 70.5 
Silicon 50.0 


*Base metal—armco iron: 0.03% C, 0.019% Si, 0.005% P. 
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Fig. 1—Test bar casting. Total weight = 30 Ib; Bar dimensions 
1 in. dia. X 4 in. 


TABLE 2—SAND MIXTURE FOR 
HIGH MANGANESE STEEL 





Material Per cent by Weight 
Zircon Sand 89.6 
Silica Sand 4.7 
W. Bentonite 0.5 
S. Bentonite 15 
Corn Flour 0.5 
Core Oil 1.0 
Water 2.2 





wheel. The disc-shaped specimens were aged for 
periods up to 20 hr at 1200, 1300, and 1400 F and 
oil quenched. The hardness of the specimens was 
determined with a Brinell machine after the Rockwell 
C hardness test proved to be inconsistent. 

Tensile specimens were machined from keel blocks 
or cylindrical bars in the solution annealed condition. 
The machined bars were then aged to maximum 
hardness and tested. 

Each alloy was given a “Go — no go” magnetic 
permeability test at various stages of heat treatment 
with a 1.2 permeability indicator. The area which had 
been deformed by the Brinell ball was tested for 
magnetic permeability to indicate the stability of 
each alloy. The Brinell impressions were at mid- 
radius positions, so the permeability test results were 
not affected by the surface which had been oxidized 
during the solution anneal heat treatment. Oxidation 
during the aging heat treatment discolored the flat 
surfaces of the specimens, but the extent of oxidation 
was insufficient to offset the magnetic permeability 
test. 


DISCUSSION OF RESULTS 
The steels in this investigation may be divided 
into four general classifications based upon chromium, 
manganese, and nickel contents. A listing of the 
four classifications is given in Table 3 showing the 
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composition range of the primary alloying elements. 
The steels in the first three classifications were 
patterned after wrought compositions, which report- 
edly can be precipitation hardened to 0.2 per cent 
yield strengths in excess of 120,000 psi with elonga- 
tions between 13 per cent and 20 per cent, but the 
fourth type of alloy had no wrought counterpart. 
Cr-Ni-P Austenitic Steels 

The Cr-Ni-P group of alloys is essentially an age 
hardenable 18-8 stainless steel. The carbide precipi- 
tation causing a substantial increase in hardness dur- 
ing an aging treatment at 1300 F is promoted by 
phosphorus. Initial experiments with these alloys were 
concerned with determining the proper balance be- 
tween carbon and phosphorus for maximum age hard- 
ening without retention of an excessive amount of 
massive carbides after the solution anneal heat treat- 
ment. The base composition used was: 
%Cr %Ni %Mn %Si 
17.5 10.5 0.5 0.5 
with carbon contents: 0.12 per cent, 0.29 per cent, 
0.39 per cent; and phosphorus contents: 0.12 per 
cent, 0.20 per cent, 0.30 percent. For these experi- 
ments the specimens for hardness testing were cut 
from 100 Ib keel blocks poured at 2925 F. The speci- 
mens were solution annealed at 2100 F for 1/2-hr and 
quenched in water. 

Microstructures of the various alloys in the solution 
anneal condition are shown in Fig. 2. Note the large 
grain size and residual coring. Grain boundary car- 
bides and grain boundary cracks can also be ob- 
served. Samples of each composition were age hard- 
ened at 1200, 1250, 1800, and 1350 F with holding 
times extending to 24 hr. It was found that the alloys 
were not sensitive to overaging, and the maximum 
level of hardness was attained within 24 hr at all 
temperatures except 1200 F. 

The relationship between C, P, and hardness is 
shown in Fig. 3. Increasing the phosphorus content 
promoted an increase in hardness at all carbon levels, 
but 0.20 per cent phosphorus appeared to be the 
threshold value for substantial age hardening. A com- 
position with a minimum amount of phosphorus is 
desirable, however, because the phosphorus forms a 
complex eutectic with carbon, chromium, and iron. 
The complex eutectic may promote “bleeding” during 
solidification if the melt contains appreciable amounts 
of nitrogen or hydrogen, or may liquify during the 
solution anneal heat treatment. 

The tensile specimens from these initial steels were 
aged to hardness levels of 230 to 415 BHN. Unfor- 
tunately, the tensile strength and elongation values 
were of little significance because either cracks were 
formed during heat treatment or grain boundary 
carbides (Fig. 2) were present, and the specimens 
fractured in a brittle manner at low loads. 
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TABLE 3— CHEMICAL COMPOSITION OF FOUR TYPES OF AGE HARDENING AUSTENITIC STEELS 





Alloy Type 


Composition—% 











Cr Ni Mn Cc p \ Mo 
1. Cr-Ni-P 16.5—19.0 8.0—11.0 0-35 0.1 —0.4 0.1—0.3 _ _ 
2. Cr-Mn 12.0—16.0 ~ 12.0—16.0 0.1 —1.0 0 -0.3 > i _ 
3. Cr-Mn-Ni 4.5— 6.0 5.5— 9.0 9.0—11.0 0.5 = 0.3 -11 - 
4. Mn-V 0 — 45 2.0— 4.0 14.0-18. 0.25—1.2 ~ 0.25—1.2 0.4—3.5 
54 ° modern castings 
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The base composition of the alloy was then modi- 
fied to increase the stability of the austenite by 
adding 3.5 per cent manganese and eliminating the 
molybdenum addition. Carbon and phosphorus levels 
were maintained at 0.34 per cent and 0.25 per cent 
respectively, and smaller keel blocks, cylindrical test 
bars and plates 1 x 6 x 9-in. were cast. Tensile test 
bars were machined from the castings and heat treat- 
ed to maximum levels of hardness. The highest 
properties were obtained in the keel blocks and end 
sections of the plates. Chromium oxide laps in the 
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cylindrical bars and center sections of the plates 
formed planes of weakness in the test bars. The ten- 
sile properties that were considered to indicate the 
potential merit of the Cr-Ni-P alloy are given in 
Table 4. 

The values presented in Table 4 demonstrate that 
a Cr-Ni-P alloy can be used for castings with mag- 
netic permeability less than 1.2 and yield strengths 
in excess of 100,000 psi. It is believed that the tensile 
properties of this type of alloy can be greatly im- 
proved over those given in Table 4 by further modi- 








%C %P 
Top — 0.12 0.10 Top — 
Center — 0.29 0.10 Center — 
Bottom — 0.39 0.10 Bottom — 








%C %P %C %P 
0.12 0.20 Top — 0.12 0.32 
0.29 0.16 Center — 0.29 0.28 
0.39 0.21 Bottom — 0.39 0.31 


Fig. 2—Microstructures of Cr-Ni-P austenitic steels. Solution annealed condition. Marble’s reagent etch. 50X. 
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Fig. 3—Effect of carbon and phosphorous on the hardness of 
Cr-Ni-P austenitic steel. 


fication in composition, improved foundry practice, 
and optimum heat treatments. The high chromium 
content permitted very little oxidation to occur during 
the solution anneal heat treatment at 2100 F in a 
normal furnace atmosphere. 


Cr-Mn Austenitic Steels 

Manganese substitution for nickel in high chromium 
steels is desirable because of possible limitations in 
the availability of nickel. A high carbon-vanadium- 
12 per cent chromium steel with no nickel has shown 
high strength properties in wrought form following an 
aging treatment of 8 hr at 1300 F.* The following 
properties were reported: 195,000 psi T.S., 160,000 
psi Y.S., 15 per cent El., 22 per cent R.A. Test cast- 


%oCr %Mn %Ni %V %C 


12.3 9.6 2.0 0.6 0.31 
Fig. 4—Illustrating the carbide network in age hardened Cr- 
Mn austenitic steel. BHN = 241. Chromic acid etch. 50X. 
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ings with compositions comparable to that of the 
wrought alloy were made and given an age hardening 
heat treatment. The chemical composition, hardness, 
and tensile properties are given in Table 5. 

Alloy 2 with 0.64 per cent C and 1.5 per cent V 
developed a high hardness level during the aging 
treatment, but it was brittle. With reduced carbon 
and vanadium contents the alloy either contained 
sufficient grain boundary carbides to produce a brittle 
structure (alloy 3) or the alloy had insufficient age 
hardening to meet the proposed requirements (alloy 
4). Figure 4 illustrates the continuous grain boundary 
carbide network, etched dark, that is typical for the 
Cr-Mn type alloys containing sufficient vanadium to 
promote an age hardening reaction. Because of the 
embrittling effect of the carbide network these alloys 
are basically not suitable for castings. 

The possibility of inducing age hardening charac- 
teristics by the use of a phosphorus addition was 
also investigated with the Cr-Mn alloy. Two alloys 
were cast having the following compositions: 


AlloyNo. %Cr %Mn %Mo %C %P BHN Comment 


5 131 131 35 .25 025 375. 
6 13.9 


13.9 33 55 024 415 


Magnetic 
Excessive 
cracking 


The low carbon alloy (No. 5) had a hardness of 
240 BHN in the solution annealed condition and in- 
creased in hardness to 375 BHN after aging for 16 
hr at 1300 F. This substantial increase in hardness 
demonstrated that phosphorus will promote age hard- 
ening in a high chromium-Mn alloy as it does in a 
Cr-Ni alloy. Unfortunately, the magnetic permeability 
of this alloy was greater than 1.2, which is excessive. 
Alloy 6 with a higher carbon content was nonmagnetic, 
but fine radial cracks developed during machining 
which resulted in very poor mechanical properties, 
67,500 psi T.S. with 0 per cent elongation. Further 
development with the Cr-Mn alloys to eliminate the 
cracking tendency was not pursued. 


Cr-Mn-Ni-V Austenitic Steels 


The composition of this class of alloys was also 
based on wrought compositions which reportedly have 
yield strengths greater than 150,000 psi, and are 


TABLE 4— TENSILE PROPERTIES OF FULLY AGED 
HARDENED Cr-Ni-P AUSTENITIC STEEL, 
ALLOY NO. 1, 17-18.5% Cr, 9-10.5% Ni, 3-4% Mn, 
0.25% C, 0.25% P 


Age Yo Ne 
Casting Treatment TS (psi) YS (psi) El. R. 


Keel block 8 hr— 1350 F 130,500 124,500 
Keel block 16 hr — 1350 F 130,000 120,000 
l-in. plate 16 hr— 1300 F 142,000 113,000 
l-in. plate 16 hr—1300 F 153,000 136,000 


NOTE: Magnetic permeability of all test bars was 
less than 1.2 in the age hardened condition. 











TABLE 5— COMPOSITION, HARDNESS, AND 
TENSILE PROPERTIES OF Cr-Mn AUSTENITIC STEELS 


Alloy Composition — % 
No. 





Max A Ts % 
Cr Mn Ni A Cc BHN BHN® (psi)®® EL 
2 12.2 152 —— i 15 064 375 160 140,000 1 
8 12.3 96 2.1 12 0.88 0.86 272 60 110,000 8 
4 12.8 96 2.0 0.30 06 O31 241 40 
° 4 BHN = Increase in hardness during the aging 
treatment. 
° © Heat treatment: 2100 F for 1 hr, W.Q.; 
1300 F for 16 hr, OS 
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nonmagnetic.‘ These alloys have chromium contents 
of 5-7 per cent which is much lower than the chromi- 
um contents of the Cr-Ni-P and Cr-Mn alloys. The Cr- 
Mn-Ni-V alloys also contain a balanced amount of 
Ni and Mn for good austenitic stability. Age harden- 
ing is promoted with vanadium and a moderate 
amount of molybdenum. 

Four compositions were investigated for this class 
of alloys to determine the proper balance between 
vanadium and carbon. The compositions, hardness 
values, and tensile properties of the alloys in a fully 
aged condition, are given in Table 6. 

The composition of alloy 7 in Table 6 is essentially 
the same as the composition of a wrought alloy that 
attained 175,000 yield strength with 13 per cent 
elongation after a similar heat treatment. The high 
hardness level of the wrought alloy (44.5 Re) was 
attained in the castings, but the ductility of the cast 
metal was essentially nil. The rolling or forging oper- 
ations which mechanically redistribute the carbide 
remnants appear to be mandatory for obtaining a 
high-strength, ductile alloy with this composition. 

The compositions of alloys 8, 9, and 10 in Table 6 
were modified to improve ductility. The carbon con- 
tent was reduced in alloy 8 from 0.65 per cent-0.28 per 
cent which decreased the maximum hardness in the 
aged condition, but the reduction in hardness was 
not reflected by a comparable increase in ductility 
(0.3 per cent). The vanadium content was reduced 
in alloy 9 from 1 per cent-0.42 per cent. This modifi- 
cation in composition decreased the hardness of the 
alloy in the solution annealed condition, but substan- 
tial age hardening characteristics were maintained and 
the ductility was greatly improved. The tensile prop- 
erties of alloy 9 in the aged condition were 93,000 
psi Y.S., 105,000 psi T.S., and 11.0 per cent elongation. 

Further reduction in the vanadium and carbon 
contents (No. 10) caused the alloy to lose its age 
hardening characteristics. It thus became apparent 
that the vanadium content was the critical carbide 
forming element and that chromium might even be 
detrimental to an age hardening cast alloy because 
of the tendency for chromium carbides to form at 
grain boundaries. Since this class of alloys contained 
a rather high percentage of nickel (7 per cent) further 
research was concerned with a new class of alloys 
which contained a minimum amount of nickel and 
relied primarily on manganese and accompanying 
nitrogen for austenitic stability. 

Mn-V Austenitic Steels 

The Mn-V age hardenable austenitic steels are a 
new class of compositions which were developed as 
a result of the work with the Cr-Mn-Ni-V alloys. Un- 
like Hadfield steels the MnV steels do not depend 
upon carbon as a principle austenite former, and 
carbon is present only in sufficient quantities for ob- 
taining the desired level of hardness during the aging 
heat treatment. Manganese is the principle element 
for promoting austenitic stability in the Mn-V type 
of steel, and for this investigation the manganese 
content ranged from 14 per cent-18 per cent. How- 
ever, a small amount, 2 per cent-4 per cent, of nickel 
was found necessary to stabilize the age hardened 
austenite in plastically deformed areas and maintain 
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TABLE 6— COMPOSITION, HARDNESS, AND TENSILE 
PROPERTIES OF Cr-Mn-Ni-V AUSTENITIC STEELS 


Alloy BHN Tensile 
No. ; a 

















__Composition—% Hardness _ Properties 
TS 0.2% % 
_Cr Mn Ni V___Mo Cc Max. A® psi®® YS psi El 
7 61 89 85 0.9 3.1 0.65 445 235 148,000 —-— 0.5 
8 5.8 9.6 5.5 1.08 3.3 0.28 3845 175 100,000 99,000 0.5 
9 5.7 7.5 7.2 042 3.4 0.52 388 200 105,000 93,000 11.0 
10 62 95 6.0 0.51 3.2 0.24 155 40 - - -— 
° A BHN = Increase in hardness during the aging 
treatment 


°° Heat treatment: 2100 F for 1 hr, W.Q.; 
1200 F for 20 hr, O.Q. 





TABLE 7— COMPOSITION AND TENSILE PROPERTIES 
Mn-V AUSTENITIC STEELS 








Alloy _Composition — % Tensile Properties? 
ee a 0.2% % 
No. C Mn Ni Si__ V__s Mo _CR__ TS psi__YS psi__ El. 
ll 0.44 14.3 35 0.54 0.33 0.42 108,000 95,000 4.0 
12 0.41 16.3 3.2 0.44 0.20 3.50 128,000 118,000 3.0 
13 0.43 16.6 3.3 O59 O.70 3.50 — 125,000 110,000 1.0 
l 4 046 166 28 0.65 040 3.3 2.2 138,000 137,000 1.0 
15 0.35 14.0 3 0.38 0.34 3.1 4.0 875,000 70,000 3.0 


l 
*Heat treatment: Solution treatment 1 hr 2100F W.Q.; 
Aging treatment 16 hr 1300F O.Q. 





a magnetic permeability less than 1.2. Nitrogen was 
also present in these alloys and no doubt acted as an 
austenite former, but nitrogen was not given individ- 
ual attention. 

Vanadium was found to be the indispensable car- 
bide-forming element for producing age hardening 
characteristics. The age hardening characteristics of 
an alloy containing a minimum of 0.2 per cent vana- 
dium could be increased by adding molybdenum, 
but molybdenum by itself did not produce a signifi- 
cant response to an age hardening heat treatment. 

Chromium, when added alone, did not induce a 
favorable age hardening reaction, but unlike molyb- 
denum, chromium did not support vanadium in the 
formation of a general precipitate. The age hardening 
characteristics of Mn-V alloys were not affected by 
small amounts of chromium (up to 2 per cent) but 
larger amounts (4 per cent) had a notable softening 
effect. 

The compositions and tensile properties of four 
Mn-V austenitic steels with yield strengths in a fully 
age hardened condition approaching or greater than 
100,000 psi, are given in Table 7. Alloy 15 was included 
with this group of high-strength alloys to illustrate 
the softening effect of chromium. Alloy 15 bas a 
slightly lower carbon content than the other alloys, 
but the decrease of 10 points in carbon content does 
not fully account for the change in their age-harden- 
ing characteristics. 

The age-hardening characteristics of the alloys in 
Table 7 are shown in Figs. 5 and 6. Samples of each 
alloy were solution annealed for 1 hr at 2100 F, water 
quenched, and then aged for periods up to 20 hr at 
1200, 1300, and 1400 F. It can be noted that the effect 
of temperature on hardness during the aging treat- 
ment is similar for all of the alloys. The hardness 
increased at a slow, uniform rate at 1200 F and a 
maximum level of hardness was not attained even 
after 20 hr. With aging temperatures of 1300 and 
1400 F the maximum hardness levels of alloys 11, 13, 
and 14, containing 0.33 per cent, 0.70 per cent, and 
0.40 per cent V respectively, were attained in 4 hr. 

Over-aging as reflected by a decrease in hardness 
was not apparent with longer aging periods (20 hr 
at 1300 F) but a definite decrease in hardness was 
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Fig. 5—Age hardening characteristics of Mn-V austenitic steel. 


noted after 8 hr at 1400 F. Even though these alloys 
are not sensitive to over-aging, a temperature of 1300 
F appeared best for aging to maximum hardness 
levels, and temperatures between 1300 and 1200 F 
appeared best for aging to a controlled hardness level. 

The detrimental effect of chromium on the age 
hardening characteristics of Mn-V austenitic steels can 
be seen from a comparison of the hardness curves 
in Figs. 5d and 6. The rate of increase in the hardness 
of the alloy containing 4 per cent Cr (Fig. 6) is 
notably less than that for the alloy containing 2.2 
per cent Cr (Fig. 5d). Since the Cr-Mn-Ni-V steels 
contained 6 per cent Cr and developed high hardness 
levels, the effect of chromium may be related to the 
austenitic stability of the alloy. Increasing the man- 
ganese content beyond 17 per cent or increasing the 
nickel content beyond 4 per cent may permit a higher 
level of chromium to be present without impairing 
the age hardening characteristics of austenitic steels. 


Fig. 7—Typical microstructure of age hardened Mn-V austenit- 
ic steel. BHN = 300. Chromic acid etch. 100X. 
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Fig. 6—Age hardening characteristics of Mn-V austenitic steel 
containing 4 per cent chromium, Alloy 15. 


The tensile properties of the five Mn-V austenitic 
steels heat treated to maximum levels of hardness 
are given in Table 7. The individual effects of the 
carbide forming elements on the age hardening char- 
acteristics of Mn-V alloys is not as apparent from a 
comparison of tensile properties as from a comparison 
of hardness values. Even though heat treating the 
alloys to maximum levels of hardness may not have 
produced the optimum tensile properties, it did serve 
to demonstrate that the Mn-V type of steels are 
capable of attaining greater than 100,000 psi yield 
strengths. 

A typical microstructure of the Mn-V austenitic 
steels in an age hardened condition is shown in Fig. 
7. The grains are quite large, but there are only a 
few scattered carbides at the grain boundaries. Etch 
patterns indicate that precipitation occurred through- 
out the slightly cored grains on certain crystallograph- 
ic planes. 


Solidification Characteristics 

The austenitic age hardenable steels, except the 
Cr-Ni-P alloys which have a low-temperature eutectic, 
solidify as simple solid-solution alloys. The amount of 
eutectic material in the Cr-Ni-P alloys was too small 
to be detected by the technique used to obtain cool- 
ing curves, so only the bulk solidus temperature was 
obtained for this alloy. The liquidus and solidus tem- 
peratures of the various alloys are shown plotted 
against the factor C + 1/83 Si in Fig. 8. Even with 
the wide range of Cr, Ni, Mn, and Mo in the 
various alloys, the scatter is not very great, and for 
alloys with carbon contents between 0.3 per cent- 
0.5 per cent the freezing range was 60-80 F with a 
solidus temperature close to 2500 F. 

The hydrogen content of austenitic steels is receiv- 
ing increased attention by foundrymen from the stand- 
point of its void forming capabilities during solidifica- 
tion. An attempt was made to minimize hydrogen 
pickup during the melting and pouring of the steels 
for this investigation by maintaining a dry argon 
atmosphere in the furnace and oven drying the molds. 
Some shrinkage occurred in test bars, however, which 
was reduced for several heats by purging the melt 
itself with the dry gas before pouring. Excessive 
amounts of dissolved gases are particularly harmful 
in the Cr-Ni-P austenitic steels, since evolution of gas 
during solidification and subsequent solution anneal- 
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ing heat treatment can cause excessive segregation 
of the complex phosphide eutectic and even exuda- 
tion of the eutectic material. 
Machinability 

All of the age hardenable austenitic steels were 
unmachineable in the as-cast condition. Cutting was 
essentially restricted to abrasives. In the solution an- 
nealed condition and age hardened condition sawing 


and turning operations were still difficult, and most 
of the tensile bars were prepared by grinding. 
CONCLUSIONS 
Four types of alloys were investigated for potential 
use as high strength, nonmagnetic steels for castings. 
The following conclusions and recommendations can 


be made on the basis of the data obtained in this 
investigation: 


Cr-Ni-P Austenitic Steels 

1. This type of steel can be cast, solution annealed, 
and age hardened to attain yield strengths (0.2 
per cent) in excess of 100,000 psi. 

2. The composition which developed optimum tensile 
properties was as follows: 

%Cr Ni %Mn %C %P 

“18 ~ 10 38 0.3 0.25 

3. Maximum hardness was attained with the following 
heat treatment: 


Solution Anneal: 1 hr at 2100F 
Age Hardening: 8 hr at 1350F or 
16 hr at 1300F 
4. Ductility evaluated as per cent elongation in a 


tensile test ranged between 1 per cent and 4 per 
cent. 

Foundry practices should be aimed at minimizing 
the hydrogen content of the metal prior to and 
during casting to avoid excessive segregation and 
possible exudation of the phosphorus constituent 
during solidification and the solution anneal heat 
treatment. 





on 


Cr-Mn Austenitic Steels 

1. An addition of 0.25 per cent phosphorus with 0.3 
per cent C will promote age hardening characteris- 
tics in a manganese substituted 18-8 type austenitic 
steel, but the Cr-Mn-P steels are more prone to 
cracking than the Cr-Ni-P steels. 


2. Age hardening can also be induced in Cr-Mn steels 
with vanadium. 
3. Grain boundary carbides are not eliminated with 


a solution anneal at 2100 F. 

4. No specific composition for castings can be rec- 
ommended for this type of steel, but base compo- 
sitions containing more than 13 per cent manga- 
nese and 2 per cent nickel are recommended for 
further research. 


Cr-Mn-Ni-V Austenitic Steels 

1. The carbon and vanadium contents of the wrought 
Cr-Mn-Ni-V alloy must be reduced for use in cast- 
ings to obtain a satisfactory level of ductility. 
The following composition is recommended for use 
in castings to maintain proper balance between 
strength and ductility in an age hardened condition: 


bo 











7oCr %Ni %Mn %V %Mo %C 
5.7 8 7 0.4 3.3 0.5 
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3. Further development work with these alloys is 
not recommended since the Mn-V austenitic steels 
have comparable strength levels. 


Mn-V Austenitic Steels 

1. Age hardening characteristics can be induced in a 
manganese stabilized austenitic steel by vanadium. 

2. A minimum of 0.8 per cent vanadium is necessary 

to obtain yield strengths of 100,000 psi. 

Molybdenum supports vanadium in the age harden- 

ing reaction, but a minimum of 0.2 per cent vana- 

dium must be present in the alloy. 

4. Carbon contents for obtaining high hardness, BHN 
300-400, are 0.3 per cent to 0.5 per cent. 

5. Chromium contents should be less than 2 per cent. 

6. For austenitic stability sufficient to maintain a mag- 

netic permeability below 1.2, the following mini- 

mum amounts of manganese and nickel are neces- 

sary: 16 per cent Mn and 2.0 per cent Ni. 

An aging temperature of 1300 F will produce max- 

imum age hardening in a period of 4-8 hr. 

8. Aging temperatures between 1200 and 13800 F 
are recommended for control of hardness. 
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FORMATION OF FERRITE AND PEARLITE IN CAST IRON 


G. Ohira* 


ABSTRACT 


The mode of formation of ferrite and pearlite was 
studied in the following alloys: iron-carbon, iron-carbon- 
silicon, and charcoal pig iron. Specimens were cooled 
from the melt to temperatures between the eutectic and 
eutectoid, and quenched. At the eutectoid temperature 
pearlite was nuoleated by cementite which had pre- 
cipitated on cooling after solidification; ferrite crystal- 
lized out on precipitated graphite. Pearlite formation 
was promoted when the iron contained phosphorus or 
tin. Ferrite formation was promoted by manganese. 


INTRODUCTION 

The structure of cast iron is generally composed of 
ferrite, pearlite, and graphite. The subject of graphite 
formation has been extensively treated in the literature 
under the solidification mechanism of cast iron. The 
formation of ferrite and pearlite has received little 
attention, and should be studied as a matter of solid- 
phase transformation. There have been a few investi- 
gations on the latter subject from the standpoint of 
the equilibrium diagram! of iron-carbon or iron-car- 
bon-silicon, and from the view of isothermal trans- 
formation*, but there is as yet no acceptable descrip- 
tion of the mechanism of formation of ferrite and 
pearlite. 

To supply more information on this subject, a micro- 
structural study was made of various alloys which 
had been cooled from the melt to temperatures be- 
tween the eutectic and eutectoid, and quenched. 


EXPERIMENTAL PROCEDURE 

The following alloys were studied: pure iron-car- 
bon, iron-carbon-silicon, iron-carbon-silicon-manga- 
nese, and commercial charcoal pig iron (4.22 per 
cent C, O.48 per cent Si, 0.26 per cent Mn, 0.072 per 
cent P, and 0.016 per cent S). Excluding the com- 
mercial iron, the melting stock for the alloys consisted 
of electrolytic iron, electrode carbon, 75 per cent fer- 
ro-silicon, and electrolytic manganese. Some of the 
alloys were also prepared with the graphite in the 
spheroidal form by adding magnesium-copper or mag- 
nesium-silicon-iron to the molten base metal. 

First, the conditions to obtain a matrix of a) pearl- 
ite, b) pearlite with acicular or lump cementite, c) 
pearlite and ferrite, and d) ferrite were investigated. 
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Specimens of the various irons were melted and con- 
tinuously cooled at low rates down to room temper- 
ature. The effect of manganese on the structure was 
also determined in this phase of the investigation. 

Next, the formation mechanism of ferrite and pearl- 
ite was studied. Forty-gram samples were melted in 
a Tammann tube in a furnace at 1350 C and slowly 
cooled to various temperatures within the eutectic- 
eutectoid range, as established by cooling curves. (The 
cooling rate near the eutectoid temperature was 7-10 
degrees/min., or 2-5 degrees/min.) The specimens 
were quenched in cold water and metallographically 
examined. The quenched alloy at each step of cool- 
ing indicated the structure developed at that time 
from which the process of transformation could be 
deduced. The effect of phosphorous and tin was also 
studied in this phase of this investigation. 

EXPERIMENTAL RESULTS 
Preliminary Studies 

The normal structure of cast iron is composed of 
flake graphite in a matrix of ferrite and pearlite. This 
structure was easily obtained in the charcoal pig 
iron, but not in the pure iron-carbon and iron-carbon- 
silicon alloys. 

Three irons containing 2.5, 3.7, and 4.5 per cent C, 
respectively, were melted and 3.5 per cent Si added. 
Each structure consisted of flake graphite in a pearlite 
matrix with not free ferrite evident. Increasing the 
silicon to 4.0 per cent did not change the structure 
of the two lower-carbon irons; however, the struc- 
ture of the iron containing 4.5 per cent C converted 
to graphite and ferrite with no pearlite. Coexistence 
of graphite, ferrite, and pearlite could not be ob- 
tained, even by controlling the cooling rate. 


Effect of Manganese on the Structure 

There have been a few studies made on the effect 
of manganese on the matrix structure. Coe* directed 
attention to the relation between combined carbon 
and manganese. Norbury‘ described similar results 
related to sulfur. Neither investigator considered the 
effect of manganese itself. 

To determine the effect of manganese, pure iron- 
carbon and iron-carbon-silicon alloys were melted, 
deoxidized with 0.1 per cent Al, and alloyed with 
various amounts of manganese. Areal ratios of ferrite 
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to pearlite, as determined metallographically, are 
shown in Fig. 1. The maximum amount of ferrite was 
obtained at 0.2 per cent Mn. At all manganese levels, 
ferrite, pearlite, and graphite coexisted. 

Similar results were obtained with charcoal pig 
iron to which silicon and manganese additions had 
been made (Fig. 2). Comparison of Figs. 1 and 2 
shows that silicon also influenced the ferrite content, 
and that the amount of ferrite was the same in alloys 
with the same silicon content. 

To investigate the effect of manganese in the pres- 
ence of various amounts of sulfur, the alloys listed 
in Table 1 were melted and manganese added. The 
amount of ferrite in these alloys is shown in Fig. 3. 
Since some manganese was combined with sulfur as 
manganese sulfide, the amount of manganese re- 
quired to obtain ferrite increased with increasing 
sulfur content. 

The reason for the ferrite-forming tendency of 
manganese is not clear. The small amount of avail- 
able manganese could hardly stabilize the carbide, 
but it may possibly promote the diffusion of carbon. 


Formation of Pearlitic Matrix with Acicular Cementite 


The cooling curve and the structure of a furnace- 
cooled alloy containing 3.5 per cent C are shown in 
Figs. 4 and 5, respectively. The matrix is composed 
of graphite and pearlite with acicular cementite. To 
investigate the formation of pearlite and acicular 
cementite, the alloy was quenched from the arrowed 
points in Fig. 4. The corresponding structures are 
shown in Figs. 6-9. 
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TABLE 1—ALLOYS TESTED WITH MANGANESE 














ADDED 
Composition of Irons, % 
Code Letter Cc Si Mn S 
A 3.3 1.9 trace 0.01 
B 3.4 2.0 trace 0.15 
Cc 3.6 $3 trace 0.28 
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Fig. 5 — Structure of a furnace-cooled alloy containing 3.5 
per cent C., Picral etch. 130X. 





Fig. 6 — Structure showing acicular cementite precipitated 
on the austenite-graphite boundary in a 3.5 per cent carbon- 
iron alloy quenched from 990 C. Picral etch. 65X. 
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Fig. 7 — Structure showing acicular cementite as it developed 


following that shown in Fig. 6 for a 3.5 per cent carbon-iron 
alloy quenched at 850 C. Picral etch. 65X. 


Acicular cementite separated from austenite on cool- 
ing along the A.» line of the iron-carbon diagram. 
At first, it precipitated on the austenite-graphite 
boundary ( Fig. 6), then it developed along the graph- 
ite flake or crossed the austenite to the next graphite 
flake (Fig. 7). Lump cementite was deposited at 
the boundary of the original austenite grains and 
grew on cooling. 

At the eutectoid temperature, these cementite par- 


Fig. 9 — Structure showing cementite and pearlite in matrix 
of a 3.5 per cent carbon-iron alloy quenched from the mid- 
dle of the eutectoid reaction. Picral etch. 130X. 
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Fig. 10 — Cooling 
curve of Fe — 3.8 
per cent C — Si al- 
loy. The alloy was 
quenched at ar- 
rowed points. 
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Ferrite and Pearlite Formation 


Fig. 8 — Structure showing cementite becoming nuclei for 
pearlite formation for a 3.5 per cent carbon-iron alloy 
quenched at the beginning of the eutectoid reaction. Picral 
etch. 130X. 


ticles became nuclei for pearlite formation (Figs. 8 
and 9), and the pearlite spread and covered the en- 
tire matrix. 

Formation of Pearlite Matrix 

The structure of an alloy containing 3.5-3.8 per 
cent C and 3.0-4.0 per cent Si consisted of graphite 
and pearlite. The cooling curve of the alloy contain- 
ing 3.8 per cent C and 3 per cent Si is shown in 
Fig. 10. The microstructures obtained by quenching 
from the arrowed points in Fig. 10 are shown in 
Figs. 11-13. 

After eutectic solidification was complete, lump 
cementite particles precipitated at the boundaries of 
austenite grains on cooling (Fig. 11), part of which 
graphitized concurrently (Fig. 12). At the eutectoid 
temperature, pearlite was nucleated by the cementite 
and spread (Fig. 13). If the cementite had decom- 
posed to graphite and austenite before eutectoid tem- 
perature, austenite would have transformed first to 
fine pearlite at eutectoid temperature and served as 
nuclei for pearlite transformation (Fig. 14). 
Formation of Ferrite and Pearlite 

A matrix of ferrite and pearlite can be obtained 


* 


Fig. 11 — After eutectic solidification, lump cementite particles 
precipitated at the boundaries of austenite grains at cooling 
for the Fe-3.8 per cent C-3.0 per cent Si alloy quenched 
from 1020 C, Picral etch. 300X. 
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in iron-carbon-silicon-manganese and charcoal pig 
irons. 

To study the formation of these constituents, one 
per cent Si was added to charcoal pig iron to promote 
ferrite formation. The structures obtained by quench- 
ing from temperatures between the eutectic and eu- 
tectoid are shown in Figs. 15-19. 

After solidification, thin incompletely formed graph- 
ite began to precipitate at the edge of flake graphite 
containing austenite (Fig. 15). The incomplete graph- 
ite continued to precipitate during cooling and the 
austenite contained with the graphite was gradually 
replaced by graphite (Fig. 16). Graphite precipita- 
tion during cooling occurred along the Ag, line of the 
iron-carbon diagram. 

At the eutectoid temperature, ferrite was nucleated 
and developed at the points of incomplete graphite 
(Fig. 17). When the silicon content was high, ferrite 
developed and covered the matrix. If the silicon con- 
tent of the alloy was low, pearlite formation was 
observed (Fig. 18). A,,-separation around graphite 
flakes and A, -separation on austenite boundaries 
occurred simultaneously during cooling. Occasionally, 
pearlite nucleated at the boundary of separated ferrite 
and untransformed austenite (Fig. 19). 





Fig. 12 — Part of the cementite and austenite graphitized 
concurrently for the Fe-3.8 per cent C-3.0 per cent Si alloy 
quenched from 980 C. Picral etch. 600X. 





Fig. 13 — Pearlite was nucleated by the cementite and spread 
when Fe-3.8 per cent C-3.0 per cent Si alloy was quenched 
at the beginning of the eutectoid reaction. Picral etch. 600X. 
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The cooling curve of the alloy containing both 
ferrite and pearlite showed a breaking and an arrest- 
ing point, while the alloy containing solely ferrite 
showed only a breaking point (Fig. 20). In Fig. 20, 
ferrite precipitates from “a” to “b’, and pearlite from 
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Fig. 14 — Had the cementite decomposed to graphite and 
austenite before eutectoid temperatures, the austenite would 
have transformed to fine pearlite at eutectoid and served as 
nuclei for pearlite transformation for the Fe-3.8 per cent C- 
3.0 per cent Si alloy quenched at the beginning of the eutec- 
toid reaction. Picral etch. 600. 





‘N 
Fig. 15 — Structure of charcoal pig iron quenched at the end 
of the eutectic reaction. Picral etch. 600. 





C. Picral etch. 130X. 
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Fig. 17 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched at the beginning of the eutectoid 
reaction. Picral etch. 65%. 


“b” to “c”. The amount of ferrite was related to the 
temperature difference between “a” and “b”. 
Effect of Phosphorus and Tin on the Matrix 

When the alloy contained phosphorus, steadite 
crystallized on the austenite grain boundaries at the 
end of solidification. At the eutectoid temperature the 
steadite acted as nuclei for pearlite formation, as did 
the lump cementite at the austenite boundaries. Fig- 
ure 21 shows the formation of pearlite around the 
steadite. 





Fig. 19 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 
reaction. Picral etch. 240X. 





Fig. 20 — Cooling 
curves of the alloy 
indicating the for- 
mation of both fer- 
rite and pearlite. 
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Fig. 18 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 
reaction. Picral etch. 270X. 


In the manufacture of black heart malleable iron, 
tin is used to accelerate the first-stage graphitization, 
and retard the second stage. To study its effect in 
gray iron, tin additions were made to charcoal pig 
iron at various silicon levels. As shown in Fig. 22, 
tin was extremely potent in reducing the ferrite 
content. Quenched specimens of tin-bearing irons 
showed a new phase at the austenite boundaries from 
which pearlite nucleated (Fig. 23). It is not known 
whether this phase is stannid or some other carbide 
containing tin. It appeared in a specimen containing 
more than 1.5 per cent Sn and increased with tin 
content. The specimen was etched white with 5 
per cent picral, and brown with a solution of potas- 
sium hydroxide and potassium ferricyanide. 


Formation of Ferrite and Pearlite in Spheroidal 
Graphite Iron 

The matrix of spheroidal graphite cast iron general- 
ly consists of pearlite and graphite surrounded by 
ferrite. The quenching studies carried out with this 
material gave similar results to those obtained with 
normal flake graphite cast iron ( Figs. 24-26). 

Graphite precipitated as spheroidal graphite along 
the Ag, line of the iron-carbon diagram on cooling 





Fig. 21 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 


vue Teaction and showing steadite nucleating pearlite. Picral plus 


KOH solution of K3 Fe (CN), etch. 360X. 
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Fig. 22 — Curves 
showing ferrite vs. 
tin content. 

















below the eutectic temperature. At the eutectoid tem- 
perature, ferrite was nucleated and developed as 
shown in Fig. 24. Cementite separated along the Acm 
line on cooling and acted as nuclei for pearlite forma- 
tion at the eutectoid temperature (Fig. 25), particu- 
larly at the boundaries of original austenite. In some 
cases, pearlite formation occurred at the boundary of 
ferrite and austenite (Fig. 26). The mechanism was 
entirely the same as that with flake graphite cast iron. 

Formation of ferrite and pearlite in cast iron with 
undercooled graphite was also investigated and found 
to be similar to flake- and spheroidal-graphite irons. 
Ferrite formation was promoted by undercooled 
graphite most, spheroidal next, and flake graphite the 
least. 

SUMMARY 

The formation of ferrite and pearlite in cast iron 
was investigated with specimens of iron-carbon, iron- 
carbon-silicon (flake and spheroidal), iron-carbon-sili- 
con-manganese, and charcoal pig iron. The specimens 
were melted and quenched after cooling to tempera- 
tures between the eutectic and eutectoid tempera- 
tures. 


The following conclusions were made, based on met- 
allographic examination: 

1. It is difficult to get a matrix in which both ferrite 
and pearlite are found in pure iron-carbon and iron- 
carbon-silicon alloys, unless a small amount of man- 
ganese is added. 





Fig. 23 — Structure of Fe—4.0 per cent C—1.5 per cent Sn 
alloy quenched at the beginning of the eutectoid reaction. 
Picral plus KOH solution of Ks Fe (CN), etch. 600X. 


— = 





Fig. 26 — Structure of Fe—4.4 per cent C—1.0 per cent Si 
alloy with Mg added quenched from the middle of the 
eutectoid reaction. Picral etch. 320X. 





Fig. 24 — Structure of Fe—4.4 per cent C—2.4 per cent Si 
alloy with Mg added quenched at the beginning of the 
eutectoid reaction. Picral etch. 240. 


2. Acicular or lump cementite in the iron-carbon alloy 
is precipitated along the A.m line of the iron- 
carbon diagram. At the eutectoid temperature, 
pearlite is nucleated by cementite. Acicular ce- 
mentite appears on the boundaries of flake graphite 
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Fig. 25 — Structure of Fe—4.4 per cent C alloy with Mg 
added quenched at the beginning of the eutectoid reaction. 
Picral etch. 130X. 
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and austenite; lumpy cementite appears on those 
of austenite. 

In an iron-carbon-silicon alloy containing 3-4 per 
cent silicon, the lump cementite which precipi- 
tates on the austenite boundaries decomposes to 
graphite and austenite on cooling. At the eutectoid 
temperature, the austenite transforms first to fine 
pearlite, and then the pearlite or residual cemen- 
tite nucleates normal pearlite in the austenite 
matrix. 

Frequently, both ferrite and pearlite are seen in 
iron-carbon-silicon-manganese alloys or in commer- 
cial pig iron. Thin flake graphite precipitates on 
cooling, following the precipitation of the original 
flake graphite along the A,, line. Ferrite crystallizes 
out on the graphite at the eutectoid temperature 
and is followed by pearlite formation. Pearlite ap- 
pears at the boundary of ferrite and austenite, or 
at austenite boundaries. 

The cooling curves of irons which contain both 
ferrite and pearlite indicate breaking and arrest- 
ing points. The former corresponds to ferrite for- 
mation; the latter to pearlite formation. 

Pearlite is nucleated by steadite. 


* modern castings 





we 





Ferrite and Pearlite Formation 


Iron containing a small amount of tin promotes 
pearlite and inhibits ferrite. Irons containing more 
than 1.5 per cent Sn crystallize out some angular 
particles at the end of the eutectic reaction, 
which have strong powers of pearlite nucleation 
at the eutectoid temperature. 
In spheroidal graphite cast iron, or in undercooled 
graphite iron, the formation mechanism of ferrite 
and pearlite is the same as that with flake graph- 
ite. Ferrite formation is promoted most in under- 
cooled graphite iron, less in spheroidal, and least 
in flake graphite iron. 
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ALUMINUM MELTING PRACTICE IN THE 
DIE CASTING AND PERMANENT MOLD FIELDS 


By 


J. P. Moehling* 


INTRODUCTION 

During the past 10 years the metal-working indus- 
try has shown a tremendous upsurge on a _ world- 
wide basis. The growth in the volume of aluminum 
die castings and permanent molds has been phenom- 
enal, and its pace has outdistanced all other casting 
techniques in this growth. The growth and wider ap- 
plication of aluminum has introduced many demands 
on the die-casting and permanent-mold industry as 
well as the furnace manufacturer. Where previously 
the users of castings were satisfied with fairly simple 
shapes and existing standards of surface finishing, 
today design requirements have introduced the de- 
mand for many complicated structures, and the sur- 
face finish in most cases is of utmost importance. High- 
er physical properties and quality control have be- 
come absolute necessities. 


ALUMINUM ALLOY USES 


The tremendous increase in the use of aluminum 
in the form of cast aluminum alloy products has been 
accompanied by the need for larger capacity, faster 
melting, and more economical melting and holding 
furnace equipment. This metal is replacing many tra- 
ditional materials, which have been used for years 
and years, because of its weight advantage and cer- 
tain of its excellent physical properties. Machinery, 
hardware, automobiles, and the electrical fields, have 
offered the greatest growth to aluminum. Fields in 
which aluminum should continue to grow even more 
rapidly are the construction field, electrical field, auto- 
motive field, as well as the can industry. There is little 
reason to believe that the use of aluminum will do 
anything but increase in the years to come. The 
transportation industry, of course, is another excellent 
field of growth, as is practically any industry where 
a weight factor is to the advantage of the over-all 
cost of operation of the product. 

The recent introduction of the vacuum die-casting 
machine makes the growth of aluminum even more 
certain. This process, while still in the early stages 
of development, as far as aluminum is concerned, 
opens up new horizons to the die-casting technique. 
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The designer has more leeway in integrated, compli- 
cated casting designs which formerly required individ- 
ual castings and subassembly work. The permanent- 
mold and forging field can now be penetrated due 
to higher physical properties available. New applica- 
tions will certainly ensue, due to the possibilities of 
heat treatment and plating operations at higher tem- 
peratures. The possibility of casting low silicon alloys 
opens up a whole new field for anodized castings 
which will compete with sheet and extrusions. Compe- 
tition will become stiffer between stampings and die 
castings, due to favorable economies of the vacuum 
die-casting technique applied to die casting. 

When die castings and permanent molds were 
instigated, there were very few applications which 
required any particularly great quantity of aluminum 
for one particular casting. Today we have permanent- 
mold castings in the range of 1,500 Ib to 2,000 Ib each. 
Die castings range as high as 75 lb each, with a 
possible rate of casting of 30 shots to the hr, making 
an hourly requirement of approximately 2,150 Ib. 
Present experimenting is along the line of casting 
complete automobile motor blocks, which will still 
increase present requirements. So, you see, aluminum 
requirements have grown from a few lb per hr on 
up to one ton or more per hr. Consequently, new 
furnace designs have been introduced at every stage 
to satisfy the melting and holding requirements as 
they presented themselves. 


ALUMINUM PROPERTIES 


The melting point of pure aluminum is 1215 F. The 
heat of fusion is 169 BTU’s per lb, and the specific 
heat is 0.26 (when metal is just above the melting 
point). Aluminum is seldom used in its pure form 
and is generally alloyed with other metals or ele- 
ments, such as copper, silicon, manganese, magnesi- 
um, nickel, zinc, etc. Melting points and heats of 
fusion, of course, would vary slightly with the various 
commercial alloys utilized. 

Every element has certain physical, chemical, and 
heat conductivity properties which cannot be ignored. 
For example, aluminum has a tendency to combine 
with almost every known element in common use. 
Aluminum readily combines with oxygen to form alu- 
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minum oxides. This oxidation problem increases with 
metal temperature increases. The specific gravity of 
aluminum and of the aluminum oxides formed are 
very closely related. Considerable care, therefore, is 
required to separate the oxide formations from the 
aluminum bath. The best condition for this separation 
is to maintain as quiet a bath as possible. 

When aluminum is melted in a_ refractory-lined 
furnace there is a tendency for an oxide buildup to 
take place at the metal line or slightly above the 
metal line. This buildup must be removed daily while 
the refractory lining is hot, and must never be al- 
lowed to remain while cooling the refractory. Once 
the refractory has been cooled with this buildup 
present, there is a definite bond formed between the 
refractories and the aluminum buildup which causes 
a more or less permanent deterioration of the refrac- 
tories and reduces the refractory’s ability to resist 
penetration. 


Iron Absorption 

Aluminum has a tendency to absorb iron, there- 
fore, considerable care is required when melting alu- 
minum in iron-pot furnaces. These iron pots must be 
washed with a suitable coating regularly so that alu- 
minum does not remain in contact with the iron-pot 
surface. Other care must be taken also in the opera- 
tion of the pot furnace itself. It has been the experi- 
ence of the author’s company that variations in tem- 
perature increase the action between aluminum and 
iron considerably. For example, should a bath of alu- 
minum be allowed to freeze in the iron pot over a 
weekend, and then heat is applied to the iron pot to 
bring the aluminum into solution, considerably more 
iron pickup would occur at this period than during 
the entire day when metal is added and taken away 
from the furnace. Also, if molten aluminum is held 
more or less stagnant for long periods at a time in 
iron pots, there is a tendency for considerable more 
iron solution. -< 


Gas Absorption 

Aluminum has a tendency to absorb certain gases, 
of which hydrogen is the most troublesome. The abil- 
ity of the aluminum to absorb hydrogen increases 
with the temperature of the metal. The absorp- 
tion rate is comparatively low when the metal is 
held slightly above the heat of fusion point. When 
metal temperatures approach 1400 F, however, this 
absorption ability is almost double. The absorption 
ability rises rapidly above 1400 F. 

Sources of hydrogen can be narrowed down to 
three possibilities. 
1. Moisture may exist on the ingot or scrap metal be- 
ing charged into the bath. 
The atmosphere has a certain amount of humidity. 
3. Water vapor is produced in the combustion process. 

This water vapor, if allowed to enter the bath, will 

break down into hydrogen, and the oxygen will 

be released to burn or form aluminum oxide. The 

hydrogen generally is absorbed by the metal and 

is held in solution. 

The first of these sources of hydrogen pickup, main- 
ly the moisture on the metal charge itself, can be 
easily overcome by preheating the metal up to approx- 
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imately 900 F. The second source, namely, the hu- 
midity of the atmosphere, will vary considerably 
throughout the year and has always been a problem 
in casting operations. There have, in recent years, 
been some steps taken to control the humidity in 
the casting and melting room. This, of course, is an 
expensive operation and many years will pass before 
this becomes common practice, if ever. The natural 
formation of moisture in combustion products can be 
overcome to a great extent by proper design and ap- 
plication of burner equipment, so that the flame itself 
does not upset the surface of the bath and break the 
oxide coating which is naturally formed on the bath. 
The oxide coating formation on the bath, we have 
always believed, is helpful and acts as a deterent 
to gas absorption if not broken. 

Hydrogen rate of absorption depends a great deal 
upon the alloying elements used in the aluminum. 
Magnesium alloys, for example, have considerably 
more desire for hydrogen absorption than non-mag- 
nesium alloys. 

Dissolved hydrogen can be satisfactorily removed 
from molten aluminum by the application of certain 
tried and proved techniques. 

FLUXING ALUMINUM 

Dry nitrogen and chlorine are the most effective 
fluxing agents utilized on aluminum. When using the 
latter, however, certain safeguards must be employed, 
since it is both toxic and corrosive. The method of 
fluxing is simply to bubble nitrogen or chlorine through 
the molten metal bath, thereby causing an artificial 
boil which tends to release the dissolved gas. It is the 
opinion of the author’s company that the chlorine gas 
flux is the better of the two, and certainly requires 
less time to do a thorough fluxing job, even though 
precautions are required to prevent ill effects on the 
people working around the furnace. 

POROSITY IN ALUMINUM 

Porosity is the result of hydrogen and other gas 
pickup left in or expelled from the castings when 
they solidify. It has been more or less proven in thie 
case of die casting that at least 50 per cent or more 
of the porosity in the die castings is due to air 
entrapment in the die itself when pressure and chill- 
ing occur to form the casting. The nature of the 
casting process, except in the vacuum-casting tech- 
nique itself, does not allow for the air in the die 
to escape completely. This air is trapped in the casting 
along with the hydrogen. In examining castings made 
with the vacuum-casting process, and those made with 
normal casting processes, it is quite evident that 
porosity in die casting is, to a great extent, caused 
by air entrapment. Hydrogen gas that is trapped has 
been placed under great pressures and, therefore, has 
been forced into more or less minute pockets. There 
is no chance for release of this gas. Excessive poros- 
ity and blistering becomes evident only when the 
casting is put under considerable heat for testing or 
for plating purposes. 

Permanent-mold and sand castings are cooled much 
slower than die castings and, therefore, the tendency 
exists for the hydrogen gas to evolve from the molten 
metal as the casting solidifies. From a visual inspec- 
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tion standpoint this leaves porosity evident immedi- 
ately and, therefore, greater care is required to insure 
gas-free molten metal when casting permanent molds 
and sand castings as compared to die castings. 

Good housekeeping, of course, is the only solution 
for keeping buildup, formed at the metal line in re- 
fractory-lined furnaces, from entering the molten bath. 
The author's company believes the avoidance of en- 
trapment of oxides is a matter of good access to the 
interior of the furnace and good operating control. 
The stillness of the bath, of course, is a great aid in 
allowing oxides to float on top, or deposit on the 
bottom of the furnace, leaving the molten metal clear 
of oxide. The company has noted that segregation 
appears to be a factor of chilling of the bath. 

When a bath of molten metal is chilled by feeding 
an ingot into the bath, there is a tendency for the 
heavier alloying elements to segregate. The best 
solution to the segregation problem is to use holding 
furnaces and charge them with hot metal. Tempera- 
ture control of the molten metal, of course, is another 
important function, which must be closely watched 
in order to prevent segregation. 


ALUMINUM MELTING FURNACES 


Unlike the zine die-casting field, the aluminum 
permanent-mold and die-casting fields have a great 
many more varieties of furnaces available for use in 
melting and holding operations. Operations generally 
consist of separate holding furnaces at the machine, 
combination melting and holding furnaces at the ma- 
chine, and separate melting-furnace equipment for 
hot-charging or pigging operations. There is a variety 
of furnace types available. They may be divided into 
three general classifications. 

1. Indirect fired furnaces, muffle type, gas or oil fired. 

a. Iron-pot furnace with exterior flue for exhaust- 

ing combustion gases. 

b. Crucible furnace with exterior flue for exhaust- 

ing combustion gases. 
2. Direct fired furnaces, gas or oil fired. 

a. Crucible furnaces, not sealed in—combustion gas- 

es passing over the bath. 

b. Single chamber reverberatory furnaces of the 

non-stack charging type. 

c. Single-chamber reverberatory furnaces of the 

stack charging type. 

d. Double-chamber melting and holding furnace. 

e. Continuous type dry hearth melting and hold- 

ing furnace. 
3. Electric furnaces. 

a. Electric induction furnace. 

b. Electric resistance refractory lined single-cham- 

ber furnace. 

c. Electric resistance crucible and iron-pot furnace. 


IRON-POT FURNACE 


Temperatures involved in melting and holding alu- 
minum are anywhere from 1020 F on up to approxi- 
mately 1600 F. While these operating temperatures 
are somewhat higher than those utilized for zinc, the 
iron-pot furnace has proven very satisfactory in alu- 
minum die-casting operations. 

The iron-pot furnace was one of the earliest utilized 
in the aluminum die-casting and permanent mold field. 












535 





The many new furnace innovations which have since 
been introduced on the market, however, have, to a 
wide extent, replaced the iron-pot furnace. 

The iron-pot furnace is different from any other 
furnace design on the market. First of all, the iron 
pot and the molten metal are all supported on the 
refractory lining side walls of the furnace. The cru- 
cible furnace, reverberatory furnace, and induction 
furnace all support the pot and/or metal load on the 
hearth of the furnace. Second, the iron-pot furnace 
incorporates considerably more combustion space than 
crucible melting furnaces. Depending upon the cru- 
cible furnace design, generally a space of 4 in.-7 in. 
is left underneath the crucible. A base block, of course, 
is used to support the crucible and must be approxi- 
mately 4 in.-7 in. high. In the iron-pot furnace design, 
the space under the iron pot generally varies from 
10 in.-15 in. and no supporting base block is required. 
The space around the pot, that is, between the pot 
and the side walls of the furnace, is also much more 
generous than that used with the crucible furnaces. 

Heat conduction through an iron pot is much more 
rapid than through a crucible furnace, therefore, the 
heat input requirement of an iron-pot furnace is some- 
what less than that required for a crucible furnace. 

Iron-pot furnaces generally incorporate an exterior 
flue to vent the combustion gases. In addition, good 
iron-pot furnace design would utilize a split steel ring 
cover on top of the furnace, including rest pins for 
the steel pot. The steel cover protects the refractories 
from abrasion when alloying and ladling. The divi- 
sion of the steel cover into several sections allows 
room for the cover to expand and contract under tem- 
perature changes involved. 

The rest pins, which are generally 3/8-in.-1/2-in. 
high, depending upon the size of the furnace, raise 
the pot sufficiently to allow for uniform flow of heat 
on the underside of the flange of the pot. If this 
flow of heat is not allowed to take place, stresses are 
set up in the pot due to uneven temperatures, and 
earlier pot failure than normal may well be the 
result. 

Iron-Pot Life 

Iron-pot life, when melting in an iron-pot furnace, 
will vary, depending upon the care given to the 
pot and to the cleaning of the furnace. The pot 
should be cleaned thoroughly and regularly so that 
buildup is not allowed to remain at the bottom. Such 
buildup, if allowed to remain, acts as an insulation, 
and sooner or later the underside of this section of 
the pot becomes overheated because it cannot trans- 
fer its heat as rapidly to the inside of the pot. Over- 
heating of the bottom section of the pot sets up 
stresses and strains which cause early cracking and 
failure of the pot. 

In recent years, iron pots have been aluminized 
to prevent oxidation. As I understand it, the coating 
on the outside has generally added to the pot life. 
Coating of the inside of the pot is also good protec- 
tion and should be done regularly with washes avail- 
able. 

A third aid in obtaining optimum pot life is to 
keep the burner ports, hearth, and side walls of the 
furnace clean at all times. Any deflection can cause 
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the flame to play on the pot, which will cause a hot 
spot and early pot failure. 

Pots should be repositioned at least once a week so 
that the relation of the burners is changed, and no 
one section of the pot remains in one position to 
receive the constant brunt of a possible hot flame. 
Flame adjustment is of utmost importance. Combus 
tion products should be on the slightly reducing side 
at all times. An oxidizing flame will rapidly oxidize 
the iron pot and reduce pot life. In analyzing flue 
gases, no oxygen should be present. Depending upon 
the original gas analysis, the CO2 content will approx- 
imate 10 per cent-1l-1/2 per cent. CO should be 
less than 1 per cent for proper atmosphere control. 

Pot life is variable in all plants. Some die casters 
set a time limit, at which time they pull the pots, re- 
gardless of condition. This is done in hopes of avoid- 
ing pot failure when a full charge of metal is in the 
pot. Others inspect the pot regularly, which should be 
done regardless of procedure, and use the pot until 
it reaches a certain stretch point and/or a certain 
thinness of wall section. On melting applications, two 
months pot life is not uncommon. 

If an iron-pot furnace is used at the die-casting 
machine, strictly for holding purposes, and is properly 
cared for, pot life should approximate three to four 
months. 


Gas Pilot And Nozzle Care 

One item of concern which has been noted in most 
die-casting plants is the poor care given to gas pilots. 
Pilots are left hanging on the furnace in any fashion, 
and the pilot flame is allowed to play on the furnace 
shell, burner plate, and gas-air piping system. The 
flame is generally over-generous which causes, first 
of all, a waste of gas fuel. Second, the destruction 
of burner nozzles, burner plates, and shell sections is 
extremely high. Working conditions around the fur- 
nace are considerably warmer, much more dangerous 
to the operator, and a continual fire hazard is present. 

A second item of concern on gas- and oil-fired fur- 
naces is improper maintenance of the burner port 
and the uncleanliness of the burner nozzles. When 
burner ports are not properly maintained, gas can 
get behind the refractory lining between the shell 
and the lining itself and start to burn. This causes a 
hot spot on the shell, early failure of the shell, and 
still more severe damage to the rest of the furnace 
refractory lining. 


Slag Hole And Flue Care 

Slag holes and flue sections receive considerable 
flame erosion and must be kept in good repair. The 
iron pot should be removed from the furnace at least 
once every week so that burner ports, flues, and slag 
holes can be cleaned, checked, and repaired. Cracks 
in the refractory lining itself should also be patched. 
Burner ports which have restrictions reduce the flow 
of gas and upset combustion conditions, in addition 
to diverting the flame itself directly to the pot or 
some spot on the refractory lining. 

Furnace life and refractory life is excellent when 
good maintenance is practiced. 

While the author has seen refractory linings fail 
in a year or less, this is due, in most cases, to negli- 


70 ° modern castings 


Aluminum Melting Practice 


gence. With good maintenance practice there is no 
reason why refractory life should not be in the neigh- 
borhood of two to three years. Still longer life has 
been experienced. 

There is no excuse for furnace shell failure. Burner 
nozzles, however, are made of cast iron and are 
under more or less constant heat. These will tend to 
erode and deteriorate and should be replaced on the 
average of once a year. The nozzle opening size 
should be checked during routine patching. If the 
opening changes very much, it affects the vacuum 
which senses the amount of gas and air pulled through 
the mixer. 


Zero Governor Care 

Another part of the burner equipment which needs 
attention from time to time is the zero governor. This 
governor has a neoprene diaphragm in it which acts 
to zero the governor. The diaphragm tends to dry 
out from the heat. When leakage of gas is noted it 
must be replaced with the main burners shut off. 

Many different size pots are used in the die cast- 
ing industry. There has never been any standardiza- 
tion on pots. Consequently, furnaces were built around 
existing pot patterns. Furnaces have been developed 
for many different pot sizes, however, standard lists 
of iron pots generally cover only those which have 
found the widest acceptance. If the precise pot you 
plan to use is not listed in any of the manufacturer’s 
bulletins, this does not mean that it is not available. 
Ask the manufacturer to quote you on a furnace to 
fit the pot dimensions. I am sure he will be able to 
supply you with a suitable furnace. 

Fuel Consumption 

Fuel consumption, of course, varies with the size 
pot used. The larger the pot capacity, the better 
the fuel consumption. Iron-pot furnaces are generally 
designed to turn over their bath approximately once 
every three hr when used as a melting and holding 
furnace, therefore, the hourly output of an aluminum 
iron-pot furnace will approximate one-third its bath 
capacity. When melting and holding, for example, a 
600 Ib aluminum bath capacity pot should turn over 
approximately 200 lb of aluminum per hr. In die- 
casting operations, a heel is generally left in the pot 
to rebuild the bath, except when the furnace opera- 
tion is approaching the end of the day and the furnace 
is to be drained. 

These furnaces are generally set up for a maximum 
BTU input of 3,000 BTU’s per lb of melting capacity. 
In actuality only 80 per cent of this input is required. 
The remainder of 20 per cent is used to give you a 
quick startup when building up the bath from a cold 
furnace. For strictly holding furnace operations, we 
generally figure on 40 per cent of the input used for 
melting, which would be 1200 BTU’s per Ib of metal 
held. In actuality, fuel consumption during holding 
operations would fall between 750 BTU’s and 1,000 
BTU’s per lb. 

Metal losses in iron-pot furnaces, when melting in- 
got, approximate 1 per cent. When melting gates and 
risers, and scrap castings, these losses would be in- 
creased slightly and would approximate 2 per cent-3 
per cent. Flashings would introduce a still higher 
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loss approximating 8 per cent-10 per cent. The over- 
all loss, when melting die casting returns and ingot, 
would approximate 3 per cent-4 per cent. 

Various considerations determine the type of fur- 
nace utilized. If an alloy is being run where iron 
pickup is a problem and iron tolerances are very 
low, considerable care must be taken to prevent iron 
pickup. This can be prevented partially through prop- 
er use of special coatings on the iron pots or by use 
of crucible or refractory-lined furnaces. In the case of 
high magnesium alloys which are prone to silicon and 
gas pickup, special refractories low in silicon or spec- 
ial coatings are required. 

While iron furnaces were used almost exclusively 
at the start of aluminum die casting and permanent 
molding, the shift has been away from these pots, due 
to greater iron control requirements. Iron-pot furnaces 
are still used extensively and are an economical meth- 
od of operation from the standpoint of initial invest- 
ment and operating cost. 

For many years the smelter has purposely kept the 
iron content of aluminum alloys very low so as to allow 
for some iron pickup when melting in iron pots, and 
still keep the alloy in proper ratio as far as iron con- 
tent is concerned. In recent years when iron-pot fur- 
naces have not been used and consequently no iron 
pickup has occurred, this reduced iron content in the 
alloy has created some difficulty. Iron content held 
within the proper range is helpful and in many cases 
necessary. It has been necessary for some die casters 
using non-iron-pot furnaces to add a slight amount of 
iron so as to raise the iron content of the original 
alloy. 


CRUCIBLE FURNACE 

The crucible furnace was brought into use because 
of iron pickup, fluxing operations, and higher temper- 
ature applications. This furnace design offers the same 
flexibility that the iron-pot furnace offers, in that 
alloy changes are made easily by changing pots 
should contamination be a problem. In addition, cru- 
cibles can be used on all aluminum alloys. In the 
case of pure aluminum the crucibles are generally 
given a special alumina spun coating, although this is 
not an absolute necessity. This is an excellent fur- 
nace for holding purposes, and in many cases for 
melting and holding (the latter especially on mag- 
nesium alloys where gas pickup tendencies are avail- 
able and considerable fluxing is required). 


Operating Costs 

The cost of operation is somewhat greater than 
that of iron-pot furnaces. Fuel consumption would be 
approximately 20 per cent greater. Initial furnace cost 
is somewhat greater, and crucibles are slightly high- 
er in initial cost. Crucible replacement cost is a little 
higher than that of iron pots. 

Crucible output is generally one-third of its bath 
capacity when used as a melting and holding fur- 
nace. When used as a strictly holding furnace, it can 
turn over its bath as many times as you wish, as long 
as the metal being brought over is held close to 
casting temperatures. 

Crucible life, when used in holding operations, 
would approximate three-four months. When used 
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for melting and holding, life expectancy will decrease 
to 30-60 days. Actual fuel consumption when melting 
in a crucible would approximate 2800 BTU’s per lb. 
Holding operations would require one-third to one- 
half of this amount per lb of metal held. Muffle-type 
furnaces generally add 15-20 min to a heat of metal, 
as compared to a non-muffled crucible-furnace opera- 
tion. 

Crucible and iron-pot furnaces have certain limita- 
tions in size and output. In addition, iron-pot and 
crucible replacements are always with you. In order 
to gain greater economy, therefore, from the stand- 
point of crucible replacement versus refractory lining 
life, and from the standpoint of fuel consumption, the 
reverberatory furnace was introduced into the field 
of melting and holding. 

REVERBERATORY FURNACE 

These furnaces first took the form of small rever- 
beratory furnaces of 300 lb bath capacity and then 
kept on growing. They proved their worth immedi- 
ately in savings of approximately one-third to one- 
half in fuel consumption. Operating costs on some 
permanent mold jobs were cut by 60 per cent when 
considering pots, fuel, direct labor, and indirect labor 

Casting quality was still maintained and rejects 
were not increased over previous melting operations. 

The iron-pot and the crucible furnaces have their 
place and it is not the intention to attempt to replace 
them except where it is to the advantage of the 
user to use other methods. The large tonnage of hot 
metal has grown to such an extent in many plants 
that it has been necessary to find faster, cheaper, 
and more convenient methods of melting, with an 
equal or better product. The reverberatory method 
is meeting that challenge and is widely accepted by 
most of the large melters. 


Operating Costs 

The reverberatory furnace is the least expensive 
method known for melting as the flame and products 
of combustion come in direct contact with the 
solid and molten metal. This, of course, was and is 
widely criticized by many melters. It has been a 
widely accepted theory that molten aluminum when 
exposed to a direct flame or the gases created by it 
would result in a pickup of these gases by the hot 
metal. 

Nothing is more erroneous than the above theory; 
in fact, a controlled-combustion atmosphere is one of 
the most satisfactory methods of protecting the molten 
bath of aluminum when properly applied. There is a 
great deal to be learned but enough is known to es- 
tablish the reverberatory furnace as a most satisfac- 
tory and economical method of producing high-grade, 
gas-free, close-grained, clean castings. 

We believe there are other factors of control that 
will greatly relieve or completely eliminate porosity. 
Experiments conducted in our own plant indicate that 
metal previously preheated to below the melting point 
(approximately 900 F) before charging eliminates 
an important source of porosity. The moisture and gas 
absorbed by the cold metal are driven off by the heat 
before it is submerged in the molten bath, and part, 
at least, of the causes of porosity in the metal is due 
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to charging cold metal (room temperature) into the 
molten metal carrying with it moisture and absorbed 


y 
vases, 


Control Factors 

Having built hundreds of reverberatory furnaces 
which are in use all over the country, the author’s 
company has naturally come in contact with many 
of the best metallurgists and compared notes, and 
learned a great deal by doing so; for example, two 
factors were brought out by a prime producer of in- 
got and castings. First, that aluminum will pick up 
gas in direct proportion to the temperature to which 
it is raised regardless of how it is melted, and that 
about 1400 F is maximum to which it can be heat- 
ed before the danger point. Second, that molten alu- 
minum rapidly picks up gas in excess of this temper- 
ature and in direct proportion, and to avoid this 
pickup the metal should be cast at as low a tempera- 
ture as possible. 

For a jobbing foundry, this is a difficult matter to 
control for it is up to them to produce the best 
casting possible from the part design and the pattern 
submitted. In the captive foundries, a great deal can 
be done by closer co-operation between the foundry 
and the engineering department to design the casting 
in such a way that it can be cast at a temperature 
not in excess of 1400 F without losing any of the 
effectiveness of the part. 

A third factor which cannot be ignored is the 
protective oxide coatings formed on the bath of molten 
metal. This coating, if not readily disturbed, acts as 
a protective coating against gas pickup. 

STACK-CHARGING REVERBERATORY 

The stack charging reverberatory can be a sta- 
tionary furnace from which the metal is either tapped 
out into a ladle for transfer purposes or dipped from 
wells constructed on the sides of the furnace. These 
furnaces are made in sizes from 500 Ib-15,000 Ib 
capacity. Actually, they could be made larger if the 
demand existed. They are generally rectangular in 
shape with the burner equipment located at the front 
of the furnace and the exhaust flue and ‘or charging 
stack at the rear. Underneath the burner equipment 
at the front of the furnace is a large door which 
can be used for charging especially fine materials 
that need puddling. This door opening is also used 
for skimming and fluxing the metal. 

The flue at the rear has a dual purpose. It is not 
only an exhaust opening for the furnace but is used 
for charging the regular run of the material, such as 
ingots and returns from the foundry. This provides a 
convenient and rapid method of charging the furnace. 
The charging is done while the burner equipment is 
in operation. There is no door to open and the fur- 
nace can be charged at any time, continuously if 
desired. 

In the furnace proper or the combustion chamber, 
the bath of metal is carried at a depth approximat- 
ing 1 ft. This metal is permitted to pass through 
openings in the side walls to reservoirs or dipout wells 
located on the sides of the furnace. The metal in 
these wells remains at approximately the same tem- 
perature as the metal in the combustion chamber. It 
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is always available for ladling out and for casting 
purposes. In the event the castings are large and a 
large quantity of metal is required, there is a tapping 
spout on the side of the furnace so that the metal 
can be drained out into a transfer ladle. The furnace 
is cool to work around and the operator is not sub- 
jected to excessive temperatures. 

The roof is generally of the bung-arch type; that is, 
the brick is held in place by clamps which are pro- 
vided with springs on each end to allow the brick 
to expand and contract with the change of tempera- 
ture in the furnace. The bungs can be lifted off 
for repairing the furnace or lining. In some cases, a 
suspended roof is utilized. In starting up each morning 
it is necessary to preheat the furnace approximately 
{5 min, after which time the metal is charged through 
the stack or exhaust flue until the bath of metal is 
approximately 1 ft deep. After the bath has been 
established and has reached casting temperature, a 
continuous supply of hot metal is available through- 
out the day, by charging the furnace at the same 
approximate rate metal is taken away. 

Furnace Use 

These furnaces are used by all types of foundries 
such as sand casters, permanent mold, die casters, 
and smelters. It is one of the most popular furnaces, 
and one of the most inexpensive methods of melting 
and handling aluminum in large quantities. It can be 
automatically controlled; as a rule a controlling pyrom- 
eter is used to indicate and control the metal temper- 
ature in one of the dipout wells. 

It is an excellent furnace, if a continuous supply 
of metal is desired for the sand foundry, permanent- 
mold or die-casting plant, for supplying hot metal 
to the holding furnaces, or should you wish to remelt 
scrap and cast it into ingot. Melt rates are available 
from 150 Ib to approximately 5,000 Ib per hr. 


Tilting Furnace 

A similar furnace design is available in the form of a 
tilting furnace of the stack-charging type. This fur- 
nace has all of the same economies and continuous 
melting and charging abilities. It has found its widest 
application in die-casting and permanent-omld plants 
as a centralized melter for melting ingot, and in- 
plant scrap returns. The tilting furnace, however, is 
made in sizes of 1,000 lb on up to 3,000 Ib bath 
capacity. Melt rates vary from 800 Ib-2,000 Ib of 
aluminum per hr. The advantage of the tilting mech- 
anism, of course, is in the pouring operation into 
transfer ladles. 

In the case of either the stationary or tilting stack- 
type reverberatory melting furnaces, refractory life 
generally approximates 18 months to two years. Melt- 
ing losses, when melting die-casting returns, approxi- 
mate 3 per cent-4 per cent. When melting ingot, 
melt losses approximate 3/4 per cent-l per cent. 
Fuel costs approximate 2,000 BTU’s per Ib or less. 
A reducing atmosphere is used at all times. 

The stack-type charging furnace cannot be equalled 
in over-all economy. Direct and indirect labor is held 
to a minimum. While there is refractory lining main- 
tenance and replacement, the lining is only 9 in. 
thick as compared to box-type reverberatory furnaces 
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which have 16 in.-18 in. linings: consequently, lining 
costs per lb of metal melted are held to a minimum. 
Large baths of metal are never held needlessly, and 
need never be held overnight. The furnace need not 
be kept under heat as is true in the case of many 
large box reverberatory furnaces. 
DOUBLE-CHAMBER FURNACE 

The rapid increase in the use of aluminum in re- 
cent years has necessitated better methods of melting 
and handling of the metal than employed in the past; 
there are many models or designs, and the double 
chamber furnace is one of them. 

This furnace is the result of a great deal of study 
and experimental work in the plant and in the field, 
working with plants that specialize in casting alumi- 
num. The furnace was developed to meet known 
conditions and peculiarities of aluminum alloys re- 
gardless of how it is cast, whether in sand, permanent 
mold, die cast, or reclamation. 


Porosity Causes 

It is the opinion of the author’s company that one 
of the principle causes of porosity in castings is due 
to submerging either cold, or room temperature metal, 
into a molten bath. Unless the metal is thoroughly 
dry, it will have moisture on the surface, generally 
referred to as capillary moisture. This moisture is 
carried into the bath, resulting in porosity. The two- 
chambered furnace completely eliminates this possi- 
bility. 

Another cause of porosity in castings is overheat- 
ing of the bath. This can take place in any type of 
furnace whether it is of the reverberatory type, cru- 
cible, or iron pot. Overheating is not a function of 
the tvpe of flame used. Somewhere around 1400 F 
and over, aluminum picks up gas rapidly and the 
foundryman should do everything possible to cast 
aluminum at temperatures below this point, if he is 
after gas-free castings. It may of necessity require 
changes in the pattern or design. 

It is the opinion of the author's company that a 
certain amount of dross, at least a small amount, 
in the holding furnace is beneficial. However, this 
dross must be of a certain type; it must be dry and 
not a glossy or wet type. The holding chamber in 
this double-chamber furnace provides a dry, fluffy 
type dross. With the above in mind, this two-chamber 
furnace was developed to eliminate the moisture in 
the metal before it is melted, to prevent overheating 
of the molten bath, to provide the proper type of 
dross covering over the metal in the holding furnace 
and, also, to eliminate hot charging in permanent 
mold and die casting plants. 


Aluminum Heat Content 

Figure 1 shows the heat content of aluminum. From 
this, you will note about 90 per cent of the heat 
required to bring aluminum up to a casting tempera- 
ture is in the melting; not after it is in a molten 
stage. You will note further from this chart that it 
requires abou 450 BTU’s per lb to bring solid metal 
up to the liquid state at a temperature of slightly 
over 1200 F; to raise it to approximately 1350 F, 
a normal permanent mold casting temperature, it re- 
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quires only about 50 additional BTU’s. From this, it 
was reasoned that the melting of aluminum is a two- 
furnace proposition; one to break it down and one 
to hold it, with each function having its own individ- 
ual burner equipment of the proper size. 

In a one-chambered furnace, it is necessary to 
have burner equipment 8-9 times greater than actually 
required after the metal is up to a casting tempera- 
ture. Burner equipment usually does not have turn- 
down possibilities to hold the metal at the casting 
temperature without over-shooting metal tempera- 
tures. 


Melting And Holding Furnace 

You will note from a cross-section drawing (Fig. 2) 
of the double-chamber furnace that it is composed 
of two separate furnaces combined in one complete 
unit—one section is for holding the metal after it has 
been melted or broken down and the other is for 
melting only. In the melting furnace there is no bath. 
The flame is allowed to surround the material com- 
pletely, and drive out the moisture before it melts. 
It then runs into the holding furnace. 

It has been found that the metal will flow into the 
holding furnace at a temperature between 1160 and 
1180 F. This is below the temperature where there 
is danger of gas pickup. 

One of these chambers is always automatically 
controlled to eliminate the human element. The met- 
al in the holding furnace can be controlled within 
10 F due to the fact that it is constantly fed from 
the melting furnace with a molten metal charge at a 
constant temperature. Since uniform temperature is 
often of such great importance, it is necessary that 
the holding chamber be controlled; the melting cham- 
ber may be controlled automatically or manually. 
The author’s company believes it best to use high- 
limit temperature controls on the melting chamber 
to prevent overheating of the refractories. 

Another desirable effect developed, which was not 
considered at the time this furnace was developed, 
is that it eliminated hard spots in the molten bath 
because no chilling action takes place. It can be 
held day in and day out in the holding furnace with- 
out ill effect. Since it requires so little fuel to hold 
it overnight, in many cases it is desirable to do so 
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Fig. 1—Heat content of aluminum. 
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rather than to tap out the metal, cast it into ingot, 
and start all over again in the morning. This, of 
course, provides the foundrymen with hot metal at 
the moment the foundry starts in the morning. 

The hourly output of this type furnace is based 
on the hearth area of the melting chamber. The 
larger the hearth, the greater the yield. In the stand- 
ard furnace, a holding chamber of approximately 
twice the hourly yield of the melting hearth has been 
provided on this furnace; in other words, a furnace 
having a bath capacity of 700 lb has an output of 
about 400 Ib per hr inasmuch as this is the amount 
of metal that can be melted per hour in the melting 
chamber. 


Temperature Control 

The reason for having a bath with twice the hourly 
yield is to insure a constant temperature. The metal 
in the bath is raised from 100-200 degrees over the 
temperature of the metal entering it, in the case of 
permanent mold and sand casting, and it must be 
large enough to absorb this difference and remain 
constant. 

This furnace is very desirable, particularly in perma- 
nent-mold and die-casting foundries, as it completely 
eliminates hot charging (in which metal is brought 
over from a breakdown furnace and poured into the 
holding furnace). It also does away with the possi- 
bility of contamination by getting metals mixed up 
in a melting room inasmuch as the returns can be 
remelted immediately after they are cast in this 
double-chamber furnace. There is no transporting 
them back to a breakdown furnace and back again to 
the holding furnace. It does away with the possibil- 
ity of picking up gas in transferring metal from a 
breakdown furnace to a holding furnace. 

This furnace is fired with either oil or gas or combi- 
nation burner equipment; however, the author's com- 
pany prefers gas. It should be operated with a rich 
flame; that is, with a reducing flame in order to eli- 
minate oxidation. This is done by a simple adjustment 
of the proportional mixer. 

The furnace is not intended for melting anything 
but solid material, either ingot or returns from the 
foundry, but not for light material such as chips, 
clippings, or borings. This has to be done in a furnace 
in which this material can be submerged. 


Remelting Rejects 

There is one other very desirable feature, particu- 
larly to the die caster and permanent-mold foundry; 
rejected castings containing inserts can be remelted 
in this furnace. The metal is sweated off of the insert 
and the insert can be raked off the hearth through 
the charging door. It has been attempted, in this 
furnace, to unite a complete unit, to eliminate as 
much handling as possible, to overcome past difficul- 
ties encountered in other types of melting, and to 
produce the finest possible castings both chemically 
and physically. 

Fuel input is on the order of 1,500 BTU’s per Ib 
of metal melted and 500 BTU’s per lb of metal held. 
Actual consumption is somewhat less than this. Re- 
fractory lining life will vary from one to two years 
depending upon the care taken in good maintenance 








541 





and cleaning. Metal losses, of course, also depend on 
good practice of operation. Metal losses of 3/4-1 per 
cent have been noted on the hearth when melting 
ingot and solids. Dross losses in the holding chamber 
generally vary from 1-1/2-2 per cent, half of which 
is recoverable from the dross. 

Bridgewall life between the holding and melting 
chamber has been the major difficulty in earlier mod- 
els. Since then the double-chamber furnace has been 
redesigned into two separate furnace units which are 
combined similar to the earlier design. That is, metal 
flows directly into the holding chamber from the melt- 
ing hearth. While the latest furnace has only had a 
couple of years experience behind it, there are 
definite signs of increased refractory life and possibly 
still less dross loss in the holding chamber. Other 
factors have remained on a more or less par basis. 


NON-STACK CHARGING FURNACE 

The non-stack charging reverberatory melting fur- 
nace would be a_ box-type reverberatory charged 
through the doors or through scrap charging wells. 
This furnace comes in sizes from 5,000 lb on up to 
100,000 Ib. It has found wide acceptance in casting 
of extrusion billets, rolling mill slabs, smelter plants, 
recovering of chips, and in some permanent-mold 
and die-casting plants as centralized melting units 
where large quantities of metal are required. 

While this furnace design is excellent and has a 
good metal recovery, the author’s company believes 
that for most die-casting and permanent-mold appli- 
cations it is an expensive method of operation. Melt- 
ing rates are low per sq. ft of hearth area. For 
example, a 10,000 Ib box reverberatory has a melt 
rate of approximately 30 lb to the sq. ft and a hearth 
area of approximately 50 sq. ft. The melt rate is 
1,500 Ib per hr and it has a bath of metal that must 
be held in the ratio of approximately 6 to 1 com- 
pared to the melt rate. 

The stack charging type reverberatory furnace has 
a melt rate of approximately 4 times that of the box 
reverb. A 5,000 Ib stack-charging furnace will melt 
3,000 Ib per hr requiring approximately half of the 
floor space. 

Despite the slightly higher melt loss of the stack 
reverberatory furnace which would be 3-4 per cent 
as compared to 2 per cent for the box reverberatory 
when melting die-casting and permanent-mold _re- 
turns, the stock-charging furnace is still more eco- 
nomical. Less labor is required to operate a stack- 
charging furnace, fuel consumption is somewhat less 
and considerably less metal must be held in a stack- 
charging furnace as compared to a box-type furnace. 
Lining replacement in a stack-charging furnace is 
also considerably less per lb of metal melted. 

ELECTRIC-RESISTANCE FURNACE 

Electric-resistance iron-pot crucible and refractory- 
lined-type furnaces have recently appeared on the 
market for holding applications. These furnace types 
have come into the picture not to compete with 
iron-pot or crucible furnaces, but to compete with 
electric-induction furnaces. All three furnaces pro- 
duce working conditions around the furnace which 
are exceptionally cool and compare favorably to elec- 
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tric-induction furnaces. Other advantages were also 

considered important in the refractory-lined electric- 

resistance-type furnace because they represent sub- 
stantial savings in operating cost, as follows, when 
compared to electric induction furnaces: 

1. There are no channels to plug up. 

2. In the event of any power failure the metal can 
freeze up and be remelted without damage to the 
furnace. 

Downtime would be held to a minimum. 
Replacement of electric resistance elements can be 
made in a matter of minutes. 

The furnace is easy to skim and keep clean. 
Dross formation is held to a minimum. 

Metal bath is held quiet, therefore insuring a 
clean bath, no oxide mixing in molten metal, and 
consequently a high quality metal and minimum 
of rejects. 

Temperature control is excellent with no overshoot- 
ing of metal temperatures. 

Lining life will be greatly prolonged, and it is 
believed possible three years minimum would not 
be uncommon. 

10. Lining replacement is simple as compared to elec- 
tric induction furnaces. 

11. Furnace operation is noiseless for all intents and 
purposes. 

12. Electrical failure is generally confined to the re- 
placement of an occasional electric resistance ele- 
ment, and not a whole induction coil and refractory 
lining. 


Furnace Construction 

Furnace construction is simplified. Furnace space 
requirements are held to a minimum. Electrical cir- 
cuits and equipment are so uncomplicated that an 
average electrician can maintain and operate it. 
Electric resistance elements are protected by bars so 
that they do not get damaged when cleaning the 
furnace. The features built into this furnace design 
hold forth, therefore, a means of creating most favor- 
able working conditions and low operating cost. 

The above features would also apply to the iron- 
pot and crucible electric-resistance furnaces; however, 
in these cases you would have the added cost of 
iron pots and crucibles. In addition, kw power con- 
sumption would be slightly higher in crucible and 
iron-pot furnaces because heat transfer to the metal 
must be made through these mediums rather than 
directly. 

ELECTRIC-INDUCTION FURNACE 

The author's company believes that for aluminum 
holding purposes, that the electric-resistance furnace 
offers an excellent furnace design. This design also 
offers an initial cost savings over electric-induction 
furnaces. Working conditions are comparable to elec- 
tric-induction furnaces. Metal losses are comparable 
to induction furnaces. Electric power requirements 
are closely on a par in the refractory-lined type with 
a possible slight favor going to the induction furnace. 
Power costs, however, are more than offset with the 
savings in operating features outlined above. 

The electric-induction furnace has been sold on the 
basis of low temperature working conditions and min- 
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imum melt losses. The initial cost is high compared 
to any other furnace on the market, for similar melt 
rates and holding capacities, in the gas or oil fired 
line or electric resistance line. Another claim of 
electric-induction furnace manufacturers is the agita- 
tion feature which tends to bring alloy in solution 
and to eliminate segregation. 
CONCLUSIONS 

The author's company believes that every piece of 
equipment has its place, where when properly ap- 
plied, it can excel over other types of equipment. 
There are certain places in the country where power 
costs are favorable to the consumer. In these cases, 
power must be weighed against gas or oil to see 
which offers the most economy. 

During the past 10 years, economy considerations 
in many cases have gone out of the window. The 
only problem was to get the castings or finished 
product out to the customer, figure your cost, and 
then to price the product so that a profit could be 
made. This day may soon come again, but the day 
of reckoning with costs is upon us. 

Actually, we do not begin to check costs in earnest 
until necessity forces such a decision upon us. We 
should, however, always check costs. This practice 
keeps our profits at the highest point in both good 
and bad times, whether prices are low or high. It 
always keeps us in a competitive position and _ re- 
Hects itself in greater profits. 

The main difference in operation between gas and 
electric furnaces is that in the case of gas-fired fur- 
naces you only pay for the fuel you actually use. 
In electric furnaces you pay for the power you use 
plus the demand load charge which is determined by 
the maximum power usage at any one time during 
the month. This demand load can be determined in 
1 min or 1 sec of your monthly operation. For exam- 
ple, should vou have three 100 kw electric furnaces in 
your plant and all three furnaces are turned on for 
1 min drawing the full current load, and then shut 
off and not used again all month, the demand load 
would be 300 kw times $1.70-$1.90 per kw. 

Therefore, regardless of how much use you make 
of the furnaces for the next 30 days you will have a 
demand load cost of $510.00-$570.00 established. Cur- 
rent use for actual operation of the furnaces beyond 
this point would be in the neighborhood of 1.08 cents 
per kw hr additional. Great care must be exercised, 
therefore, in the use of electric furnace equipment, if 
power costs per lb of metal melted and held are to 
remain at the lowest point obtainable based on metal 
demands for the month. 


Still Bath vs. Stirring Action 

There has always been considerable controversy 
between the benefits of the still bath and a continu- 
ous stirring action. The argument on the part of the 
induction-furnace manufacturer has been that the stir- 
ring action prevents segregation of alloys. 

The author's company feels, from actual experi- 
mentation, that segregation of alloys is due to a chill- 
ing action taking place in the molten bath. The chill- 
ing action is caused by charging cold ingot and 
returns into the bath. It is also known that no chilling 
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action takes place when molten metal is added to a 
bath of metal in lieu of cold metal. Experience has 
borne out that little or no precipitation takes place 
in the bottom of a double-chamber holding furnace. 

The author’s company has always advocated a still 
bath because with a still bath a minimum amount 
of metal surface is exposed for oxidation. In addition, 
the oxide surface coating is not broken and acts as a 
protection against gas absorption. In addition, a still 
bath is required to maintain proper separation of 
oxides from the molten metal inasmuch as the specific 
gravity of metal and oxides is very close. 

It appears, therefore, by stirring a bath of metal, 
such as is done in electric-induction furnaces, more 
and more surface is exposed for oxidation, the oxide 
surface coating is broken allowing for greater gas 
absorption, and oxides are merely churned into the 
metal and are not allowed to segregate. 

For the above reasons many die-casting and _per- 
manent-mold plants melt only ingot in the electric- 
induction furnaces at the die-casting machine. Scrap 
returns are generally remelted in a centralized melt 
area and the metal is pigged and recharged at the 
diecasting machine in the form of pig. Segregation 
caused by chilling, of course, is automatically offset 
by the continual stirring action of the current. 

Advantageous melt rates advertised must, there- 
fore, be carefully weighed against power consumption, 
demand load, remelt operation, and maintenance of 
the furnace equipment. The prominently advertised 
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stirring action also helps to plug the channels in the 
electric-induction furnaces; constant care, therefore, 
is required to keep these channels open. Electric 
power failure can cause a channel to freeze solid 
with aluminum and in some cases requires a complete 
relining of the furnace. In addition, a prolonged pow- 
er failure will cause the electric-induction coil to burn 
out because the fan cannot operate to keep this 
coil cool. 

One new aspect coming into the picture on alumi- 
num die casting is vacuum die casting itself. This 
field opens up a new possibility of siphoning metal 
from the holding furnace into the die-casting machine 
itself. Should the siphoning system be adopted 
throughout industry, whether vacuum casting is util- 
ized or not, it offers considerable possibilities, the au- 
thor’s company believes. Such a vacuum system will 
throw greater stress on holding-furnace equipment 
only at the die-casting machine in order to maintain 
the cleanest and highest quality of metal at the ma- 
chine and, therefore, to obtain the least amount of 
scrap and the highest quality of casting. 

This means that most holding-furnace applications 
would be hot charged with molten metal either from 
a dry-hearth melting unit or by means of transfer 
ladles from large melting furnace equipment. This 
innovation, of course, will gradually affect the entire 
die-casting industry and, the author believes, there 
will be a slow shift toward vacuum die casting as 
time goes on. 
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EFFECT OF IMPURITIES UPON THE RESISTANCE OF MAGNE- 
SIUM CASTING ALLOYS AZ92 AND AZ63 TO CORROSION 


By 


B. J. Nelson* 


ABSTRACT 


The paper the effect of higher maximum 
amounts of impurities upon the properties and resist- 
ance to corrosion of AZ92 and AZ63 casting alloys. 
Included in the corrosion tests were accelerated tests 
in NaCl-H.O» by alternate immersion and in 3-1/2 
per cent NaCl spray, as well as various atmospheric 
exposures. 

Some natural aging occurs in sand cast AZ92 and 
AZ63 alloys. The resistance to corrosion of alloys having 
the same range of impurity content is comparable, but 
the presence of nickel leads to inferior resistance to 
corrosion. The influence of deliberately added nickel 
in influencing the resistance to corrosion is developed 
over a range of environments and exposures. 


covers 


INTRODUCTION 

In 1945, the author’s company initiated a program 
of corrosion testing on the magnesium casting alloys 
AZ92 and AZ68, which are the lower purity versions 
of AZ92A and AZ63A. Table 1 shows the composition 
limits for all of these alloys. The differences in com- 
position are reflected in higher maximum amounts of 
silicon, nickel, and other impurities for the alloys of 
lower purity. 

Silicon increases would be expected to decrease 
the tensile strength and the elongation of AZ92A or 
of AZ63A alloy, but to have little effect upon the 
resistance to corrosion. Copper, on the other hand, 
would not be expected to have an effect upon resist- 
ance to corrosion when it is present in conjunction 
with the amounts of zinc which are normally present 
in these alloys. The impurity of the greatest concern 
in these alloys is nickel, which substantially decreases 
the resistance to corrosion of magnesium alloys.+ 

It was decided that nickel would be added delib- 
erately to these alloys in order to study its effect on 
resistance to corrosion. In the course of the investiga- 
tion, the effect of the impurities was followed by vis- 
ual examination, and by tests, to determine property 
losses after various corrosive exposures and property 
changes upon natural aging. 


tHanawalt, Nelson and Peloubet, A.I.M.E., 147, 273 (1942). 
*Physical metallurgy Div., Alcoa Research Laboratories, 
Aluminum Company of America, New Kensington, Pa. 
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MATERIAL 

The material used in this investigation consisted 
of sand cast test bars of AZ92A alloy and of AZ63A 
alloy of normal composition; sand cast test bars of 
AZ92 and of AZ63 of low, of intermediate, and of 
high nickel content; permanent mold cast bars of 
AZ92A alloy of normal composition; and permanent 
mold cast bars of AZ92 alloy having low, intermediate, 
and high nickel contents. AZ92A and AZ63A alloys 
were included as comparison or “control” alloys. 

All alloys used were within the composition limit 
ranges; the nickel content (deliberately varied in this 
test) ranged from 0.001 per cent-0.040 per cent so 
that a substantial composition range was available. 

All test bars were tested in four tempers: -C, -T51, 
-T4, and -T6. In addition, bars from each temper 
were further differentiated; one group was given an 
acid dip after casting for cleaning the surface, while 
another group was given the chrome-pickle treat- 
ment. The acid-dip consisted of a 10-sec immersion 
in 8 per cent HNO; + 2 per cent H2SO, in water. 
A total of 2,160 test bars was included in this test 
and each value for corrosion losses, etc., is an average 
of three bars. 

PROCEDURE AND RESULTS 

The tests which carried out 
following: 

1) Tensile tests initially and after 10 years of natural 
aging. 

2) Tensile tests after alternate 
peroxide solution for 96 hr. 

3) Tensile tests after intermittent salt spray test (3- 
1/2 per cent NaCl) for periods of up to 24 weeks. 

4) Tensile tests after exposure in the unstressed con- 
dition to the marine atmosphere of Point Judith, 
R. L., for a period of over 7 years. 


were included the 


immersion in salt- 


TABLE 1 — COMPOSITION LIMITS FOR MAGNESIUM 
CASTING ALLOYS 


Mn, 
Min. 


0.10 
0.10 
0.15 
0.15 





Si, 
Max. 
0.3 


Cu, 
Max. 


0.25 
0.25 
0.25 


0.25 


Ni, Others, 
Max. Max. 


0.01 0.3 
0.025 0.8 
0.01 0.3 
0.025 0.8 


Alloy 


AZ92A 
AZ92 
AZ63A 
AZ63 
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TABLE 2 — CORROSION TESTS MADE ON MAGNESIUM CASTING ALLOYS 
Corrosion Tests Made 
Miami 
A.I. NaCl Point New Tide 
Ni Properties NaCl-H20b2, Spray, Judith, Kensington, Water, 

Alloy Type Class Tested, Time hr. wk. yr. Exam. yr. mo. 

AZ92A S.C. Low 11/45 4/56 96 12 7.2 8 

AZ92 S.C. Low 11/45 4/56 96 12 7.2 8 

AZ92 S.C. High 11/45 4/56 96 12 7.2 8 

AZ92 S.C. Low 1/50 4/56 24 1.10 4 

AZ92 S.C. Inter. 4/50 4/56 24 1.10 4 l 

AZ92 S.C. High 4/50 4/56 24 1.10 

AZ63A S.C. Low 11/45 4/56 96 12 7.2 8 

AZ63 S.C. Low 11/45 4/56 96 12 iP 8 

AZ63 S.C. High 11/45 4/56 96 12 71.2 8 

AZ63 S.C. Low 4/50 4/56 24 1.10 4 1 

AZ63 S.C. Inter. 4/50 4/56 24 1.10 4 l 

AZ63 S.C. High 4/50 4/56 24 1.10 4 ] 

AZ92A P.M. Low 11/45 4/56 96 12 72 8 

AZ92 P.M. Low 11/45 4/56 96 12 12 8 

AZ92 P.M. Low 4/50 4/56 24 1.10 8 

AZ92 P.M. Inter. 4/50 4/56 24 1.10 4 l 

AZ92 PM. High 11/45 4/56 96 12 72 8 

AZ92 P.M. High 4/50 4/56 24 1.10 4 ] 

5) Tensile tests after exposure to the individual atmos- there is no substantial variation in properties with 
phere of New Kensington, Pa., for 8 years. nickel content. 

6) Tensile tests after exposure to Miami, Fla., tide The degree of natural aging occurring in these al- 
water for one month. loys is small but probably does exist. For the perma- 
The list of tests which were made is given in Table 2. nent-mold cast alloys, the evidence of natural aging 
Tables 3 and 4 show the composition and the prop- is less convincing. The properties of AZ92 alloy are 

erties as well as the corrosion losses for the alloys lower than the properties for AZ92A alloy. In addition, 

tested in this program. Specimens were photographed the permanent-mold cast alloys seem to show some 
at various stages of all the corrosion tests, but only decreases in tensile properties during the period of 
selected, representative groups are reproduced here. natural aging. Wherever natural aging did occur, it 

All these corrosion tests and their results will be seemed to be confined to the -C, -T51, and -T4 tem- 

discussed. pers, and the properties of the alloys in the -T6 
The tensile strengths of the sand cast and perma- temper are decreased slightly by natural aging. 

nent mold cast AZ92 and AZ63 alloys are decreased After exposure to the salt-peroxide solution and salt 
and the yield strengths are increased by the order spray, the specimens were photographed and property 
of 2,000-5,000 psi by the higher copper and silicon losses obtained. Figure 1 shows the appearance of 
content of these alloys, but the added nickel has some of the sand cast alloys after a 12-week exposure 
little, if any, effect upon the tensile properties. This to the intermittent salt spray. After the salt-peroxide 
is more readily apparent when considering these al- and salt spray tests were made, the following con- 
loys in the -T4 temper. For the group of alloys having clusions were drawn: AZ92 and AZ63 alloys have 
no appreciable variation in copper or silicon but about the same resistance to corrosion as AZ92A and 
having a low, intermediate and high nickel content, AZ63A alloys of the same nickel content, but when 
a Y ALY«< a hth 
; a4 ALLO ALY <2 
Alloy ad . Low Nickel "Nic 


High Nickel 








5 : 2 pe...§ 


. % a 
Fig. | — Appearance of sand cast magnesium alloys after 12 Top specimen in each group of two was acid-dipped; bottom 
weeks exposure to intermittent 3-1/2 per cent NaCl spray. specimen received acid-dip plus chrome-pickle. 
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TO CORROSION OF MAGNE 


TABLE 3 — (CONTINUED) NATURAL AGING & RESISTANCE 


SIUM ALLOY CAST TEST BARS 
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Treatment 


El. 


Tested 4-56 
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i. 


“1 


Temper 


Ni 


Cu 





% Composition 


Si 
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the alloys contain over 0.025 per cent nickel, the 
resistance to corrosion decreases. 

It was further found that copper contents from 
0.02 per cent-0.3 per cent and silicon from 0.05 per 
cent-0.6 per cent have no adverse effects upon the 
resistance to corrosion of the AZ92 and AZ63 alloys. 
The effect of iron content which ranged from 0.007 
per cent-0.028 per cent, was probably masked by 
other factors so that it was not possible to adequate- 
ly determine the effect of this range of iron contents. 

A supplementary group of alloys containing low, 
intermediate, and high nickel contents was also tested 
in the different experiments. Figure 2 shows the ap- 
pearance of a group of sand cast bars exposed 24 
weeks to the 3-1/2 per cent NaCl intermittent spray. 
In general, the acid-dipped specimens show more 
general corrosion than do those given the chrome- 
pickle treatment. It is believed that this is due to 
the local breakdown of the chrome-pickle which leads 
to pitting, whereas the cleaned acid-dipped speci- 
mens corroded over-all generally. 


NICKEL CONTENT VARIATION 


Under the limits of the investigation it did not 
seem that a variation of nickel content from 0.001- 
0.04 per cent has any adverse effects upon the 
resistance to corrosion of AZ92 and AZ63 alloys in 
the intermittent salt spray test. However, it was found 
in these tests that nickel is more deleterious in de- 
creasing the resistance to corrosion in the salt-peroxide 
test. The supplementary group mentioned before, 
containing low, intermediate, and high nickel con- 
tents, were tested in Miami tide water. After one 
month in this test they were examined, photographed, 
and tested. Figures 3 and 4 show the appearance 
of these items in AZ92 and AZ63 after the Miami 
exposure. From these figures there is no doubt about 
the effect of nickel in accelerating the rate of corro- 
sion. The losses for these and previous specimens are 
given in various tables. 

In some cases, the specimens of higher nickel con- 
tent were too severely corroded to allow accurate 
measurement of the loss to be made. In this test, 
specimens having the acid-dip sometimes showed 
more severe corrosion than did those having the 
chrome-pickle. This result may reflect the initial pro- 
tection given by the chrome-pickle before breakdown 
of the surface has begun. 

Specimens were exposed at Point Judith, R. I., for 
periods ranging up to over seven years when a hurri- 
cane scattered the specimens about and buried many 
of them in wet sand. However, Fig. 5 shows the ap- 
pearance of sand cast AZ92A and AZ92 alloys exposed 
four years to Point Judith, and Fig. 6 shows the 
appearance of premanent-mold AZ92A and AZ92 bars 
exposed to Point Judith for four years. In this test, 
AZ92 of high nickel content is inferior to AZ92 of 
low nickel content, which is in turn inferior to the 
base composition (0 per cent Ni). 

In like manner, AZ63 of high nickel content is 
inferior to AZ63 of low nickel, which in turn is inferior 
to the base composition (0 per cent Ni). It seems 
that alloys in the -C and -T51 temper may be less 
resistant to corrosion than those in the -T4 and -T6 
temper, but in this test there is little difference be- 
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Alloy AéZ92 Low Nickel Alloy AZ92 Nickel _ Alloy AZ92 High Nickel 
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Fig. 2 — Appearance of sand cast alloys after exposure of 
24 weeks to 3-1/2 per cent NaCl intermittent spray. 
} mf intermediate ‘ 
Alloy AZ92 Low Nickel Alloy AZ92 Nickel Alloy AZ92 High Nickel 
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Fig. 3 — AZ92 sand cast bars exposed to tide water at given an acid-dip. Lower bar of each temper group given a 
Miami, Fla., for one month. Upper bar of each temper group chrome-pickle. 
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Magnesium Alloys AZ92 and AZ63 
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Alloy AZ63 Low Nickel Alloy A263 Nick ae Alloy AZ63 High Nickel 
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Fig. 4 — AZ63 sand cast bars exposed to tide water at given an acid-dip. Lower bar of each temper group given a 
Miami, Fla., for one month. Upper bar of each temper group chrome-pickle. 


lloy Ag92 High Nickel 


Fig. 5 — Appearance of sand cast magnesium alloys after ex- 
posure to Point Judith atmosphere for four years. 
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Alloy AZ92A 


Alloy AZ92 Low Nicke 
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NWlloy AZ92 High Nicke 


Fig. 6 — Appearance of permanent mold cast magnesium alloys 
after exposure to Point Judith atmosphere for four years. 


tween the alloys in the acid-dipped or chrome- 
pickled condition. Where it was possible to make com- 
parisons for the specimens exposed for a longer period, 
but subsequently buffeted by the hurricane, it was 
found that AZ92 and AZ63 alloys of low nickel con- 
tent have roughly the same losses, but that the alloys 
of higher nickel content have substantially greater 
losses. The difference between the acid-dipped and 
the chrome-pickled specimens is roughly nil in these 
tests. 

Specimens were examined after four years and aft- 


Alloy AZ92A 








Fig. 7 — Appearance of sand cast magnesium alloy bars after 
exposure to New Kensington atmosphere for eight years. Top 
specimen in each group acid-dipped; others chrome-pickled. 
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Alloy AZ92 
Low Nickel 





er eight years exposure in the industrial New Ken- 
sington atmosphere. Figure 7 shows the appearance 
of sand cast AZ92A and AZ92 bars after eight years 
exposure to New Kensington atmosphere, while Fig. 
8 shows the appearance of permanent-mold cast bars 
of AZ92A and AZ92 after similar exposure. In this 
test, all the groups of alloys appear similar, the attack 
ranging from superficial to mild but the alloys in 
the -T4 temper exhibit the most attack. Alloys of com- 
parable nickel content but having other impurity 
limits have similar appearances after the exposure. 
The permanent mold bars appear better than the 
sand cast bars after this eight year exposure. There 


Alloy AZ92 
-High Nickel 
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Magnesium Alloys AZ92 and AZ63 


Al loy ALY < 
High Nickel 





Fig. 8 — Appearance of permanent mold cast magnesium 
alloys after exposure to New Kensington atmosphere for eight 


appears little difference between the acid-dipped and 
the chrome-pickled bars in these tests. 


CONCLUSIONS 


The following conclusions are based on property 


losses and on visual appearance: 


l. 


bo 








The tensile strengths of the AZ92 and AZ68 alloys, 
where compared to AZ92A and AZ63A, are de- 
creased slightly but the yield strength is increased 
somewhat by the additional amounts of copper and 
of silicon which are present in the AZ92 and AZ68 
alloys; nickel has little if any effect on the prop- 
erties. 


. Some natural aging occurs in sand cast AZ92 and 


AZ63 alloys; the evidence is less convincing for 
permanent mold cast AZ92. In addition, the prop- 
erties of the alloys in the -T6 temper are decreased 
slightly by natural aging. 


. In NaCl environments, alloys having the same 


range of impurity content, including nickel, have 
about the same resistance to corrosion. The alloys 
of higher nickel content have greater losses, and 
in NaCl environments, permanent mold cast bars 
have a resistance to corrosion slightly superior to 
that of sand cast bars. The deleterious effect of 
nickel on these alloys is readily apparent when 
alloys are exposed to the NaCl-H2Oz test, or to 
the Miami tide water test. 


. In general, acid dipped bars are more resistant to 


localized corrosion than are chrome-pickled bars, 


modern castings 


years. Top specimen in each group acid-dipped; others chrome- 
pickled. 


6. 


as determined visually. This is, no doubt, due to 
the local breakdown of the chrome-pickle which 
then leads to a pitting attack. However, the loss 
in tensile strength following any exposure is usu- 
ally higher for acid-dipped bars, indicating the 
over-all reduction of cross-section during the ex- 
posure. 


. Based upon exposures of up to seven years in a 


marine atmosphere (Point Judith, R. I.), all alloys 
of low nickel content have about the same resist- 
ance to corrosion; higher nickel contents lead to 
an inferior resistance to corrosion. In this test, the 
alloys in the -C and -T51 tempers may be less re- 
sistant to corrosion than are those in the -T4 and 
-T6 temper. 

In an industrial atmosphere, the corrosion resistance 
of different groups of alloys of the same temper 
appear similar. There is little if any difference in 
this test between the overall atmospheric corrosion 
resistance of alloy bars which are acid-dipped or 
chrome-pickled. In this case, any breakdown of 
the chrome-pickled surface is slow, and a pitting 
type of attack does not seem to occur. 


. With the exception of alloys low in nickel content, 


the resistance to corrosion of alloys which contain 
greater amounts of impurities is comparable in an 
industrial atmosphere to alloys of higher purity. 
The alloys of low nickel content are superior to the 
same type of alloys having higher nickel content. 





PARTICLE PACKING—PRINCIPLES AND LIMITATIONS 


AFS Sand Division, Basic Concepts Committee (8-V ) 


Prepared By 


G. J. Grott* 


INTRODUCTION For any standard effort, less than perfection will be 

Particle packing will be discussed according to these achieved. After some number of pieces are fitted into 

practices used in making structural bodies of aggre- place the actual packing curve will depart from the 

gates: theoretical. A larger container will be required to hold 

1. Use of crushed material — all pieces retained. all of the pieces and there will be voids in the final 
2. Use of crushed material — some pieces rejected. structure (Fig. 1 — Line B). 

3. Use of natural deposits of small particles — with The practical effect of this breaking up of single 

or without further preparation. particles of an aggregate may be followed by another 

4. Blending or natural deposits, crushed materials, mathematical model based on this so-called “actual 

or fractions of either. packing” phenomena. 

5. Simple graphs are used to present mathematical Starting again with our single particle, crush it into 

models describing particle packing in each of several pieces. The result is an aggregate. The packed 

these practices. aggregate contains voids. We will follow the effect of 


continued breaking of the particles using another 


USE OF CRUSHED MATERIAL—ALL PIECES RETAINED inden, the suqenent specie volumne. This is te enip- 



































Start with a single solid piece of material. Break it. rocal of the apparent density and the units are cc per 
Put the pieces back into their exact original positions gram or cu ft per lb. This particular index was chosen 
relative to each other. In theory nothing will have because it gives a straight line plot under the condi- 
changed. The shape and density will be the same. tions imposed by the model. 

In practice this has not yet been possible. It is iy 
extremely difficult even to know that all the pieces Efficiency Degree 
have been recovered. It is equally difficult to prove It is necessary only to assume some set degree of 
that no strange particles have been introduced. efficiency in repacking particles derived from the 

However, let us follow such a putting together breaking-up of the larger pieces. In this case, let us 
operation and record it in graph form. We will judge assume that in repacking the particles we are 70 per 
our success according to the attainment of the origi- cent efficient. Our plot, Fig. 2, now starts with a 
nal shape and density as measured by the per cent single particle. There are no voids. The apparent den- 
voids in our built up structure. To make it easier, sity is the true density, and the apparent specific 
we will assume the foresight to have prepared a con- volume must also be the true value (for silica it is 
tainer of the exact dimensions of the original piece. (1/2.65 = 0.378 cc/gm.). At 70 per cent solid 
The empty container is 100 per cent void. The per- 100 
fectly filled container is zero per cent voids. 

Assuming perfection in our packing, as each piece 
of material is fit into place the per cent voids decrease 75 
proportionately and we have the straight line graph &. 
as shown in Fig. 1 (Line A). ; S yy 

Again, in theory this is easy, but in practice it is Fig. 1 — Percent- . “< 
; 3 . 2 , age of material 2°° “ 

not possible. The following statement is without vigor- Gtied in place 8 s. le 

ous proof but it is offered as a statement of fact: “The § ~~) 
greater the number of particles into which the single “ | bea 
piece was broken, the harder it will be to piece them ad ; 

back together.” 
*Michigan Standard Alloy Castings Co., Detroit. . ° 25 50 —y 100 
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cent voids. 








APPARENT SPECIFIC VOLUME .CC/GM 
o 











the apparent density is (0.70 x 2.65) 1.885 gm/cc 
the apparant specific volume = 1/1.855 = 0.54 cc/ gm. 

As we reduce fragments of the single grain to parti- 
cles that we can repack to 70 per cent solid the plot 
of Fig. 2 is developed. The slope of the line depends 
on our efficiency in repacking: higher efficiencies given 
lesser slopes. 

USE OF CRUSHED MATERIAL— 
SOME PIECES REJECTED 

Start with the crushed material used in the previous 
discussion. Discard some pieces, say 20 per cent by 
weight. Proceed with the piecing together as previous- 
ly discussed and the material supply is exhausted at 
20 per cent voids as noted by the point on Fig. 1. 

If, however, the remaining material is considered as 
being 100 per cent of that available, our progress 
record appears as in Fig. 3. According to our model, 
the more pieces missing the greater the final percent- 
age of voids (Line A’). Because of lack of perfection 
in fitting what is available line B’ represents the more 
probable result. 


USE OF NATURAL DEPOSITS OF SMALL PARTICLES— 
WITH OR WITHOUT FURTHER PREPARATION 

The termination of line B’, Fig. 3, at 100 per cent 
of available material represents normal packing of 
foundry sands. We do not know what particles have 
been lost, but we can follow our progress in fitting in 
the missing particles if they were available. This is 
done in Fig. 4. 

For the purpose of this illustration it is assumed that 
the sand packs to 60 per cent solid. According to the 
model used in Fig. 1 (Line A) 40 per cent of the 
material is missing when compared with a solid mass. 

Figure 4 (Line 1) follows our progress in fitting the 
missing material back into place. The percentage add- 
ed is calculated as the percentage of the mix present, 
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Fig. 2 — Left — Percentage of material 
finely crushed and repacked at 30 per 
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| Fig. 3 — Right — Percentage of available 
7S 100 material fitted in place. re) 25 50 75 100 
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e.g., if we started with 60 grams the 20 per cent 
figure refers to 15 grams added, etc. 

15 divided by (15 + 60) = 20 per cent 

40 divided by (40 + 60) = 40 per cent 

Line 1 Fig. 4 again represents the perfect fit. It may 
be drawn as a straight line with no appreciable error 
within the limits encountered in usual practice. Line 
2 Fig. 4 depicts the more probable results. 


BLENDING OF NATURAL DEPOSITS, CRUSHED 
MATERIALS, OR FRACTIONS OF EITHER 

Blending of natural deposits with each other or with 
machine crushed particles is the foundrymen’s attempt 
to offset in part the effects of some previous loss of 
particles in handling, crushing, grading, or from some 
other cause. 

The addition of coarse particles to a fine mixture 
is the reverse of Fig. 2 where coarse particles were 
crushed to make fine particles. The addition of silica 
flour to sand is an attempt to substitute fine particles 
for those lost, and to fill voids resulting from imperfect 
packing. 

Thus, the mathematical models developed in Figs 
2 and 4 should serve as an indication of the probable 
results of blending and should also state the limits 
beyond which one cannot increase the density. The 
straight line represents perfection which we can 
approach but not attain. 

Figure 5 is such a plot. The substitution of the 
“perfect fit” particles (after Fig. 2) are shown as 
solid lines. Experimental data points are connected 
by the broken line. The dry material was vibrated 
and tapped to “maximum” density. Each point repre- 
sents an average of 5 to 10 experiments having a 
spread of not more than + 0.6 per cent solid. The 
No. 60 Ottawa sand (washed and dried) packed to 





60 


8 


g 











APPARENT SPECIFIC VOLUME .CC/GM 





° 20 40 60 80 100 
PER CENT FINE MATERIAL —= 


Fig. 5—Theoretical and actual packing for Ottawa No. 60 
sand and silica flour (140). 
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Fig. 6—Sieve distribution, Ottawa sands. 


0.57 cc/gm and the minus 200 mesh silica flour to 
0.60 ce / gm. 

“Perfection”, described as being a perfect fit of 
large and small particles, occurs at about 25 per cent 
silica flour; 0.433 ce/gm, 2.31 gm/cc, 87.4 per cent 
solid. Even with no interference between large and 
small particles we cannot achieve greater density. The 
actual maximum was reached at about 30 per cent 
silica flour; 0.476 cc/gm, 2.10 gm/cc, 79.5 per cent 
solid. 

It is significant that even at the lowest percentage 
of silica flour used, 10 per cent, the original packing 
of the sand was changed to a significant degree. Fur- 
ther additions, served to increase the distance between 
sand grains to such an extent that more silica flour 
could be fit in than would have otherwise been pos- 
sible. This caused the maximum density to occur at 
the higher than predicted percentage of silica flour. 

MATHEMATICAL MODELS OF PARTICLE PACKING 

IN PRACTICES MENTIONED 

This example was repeated for various distributions 
of sands. Using sands only (no flour), density increases 
greater than one per cent were rare. Data from the 
above cited experiment, along with data from other 
mixtures, are shown in Figs. 6, 7, and 8. 

This emphasizes the need for a means to evaluate 
the “fit” of the various sizes of particles. Mathematical 
means for determining the sizes that will most prob- 
ably fit, and the amounts of each size to use, are the 
subject of other papers. For those preferring a simple 
method, the described graphical approach allows rapid 
approximation of results to be expected from blending, 
with a minimum amount of data. In addition, it is 
possible to define the degree to which grains do “fit”. 

For example, Fig. 5 predicts a decrease in specific 
volume of 0.140 ce/gm at 25 per cent silica flour. The 
actual decrease was 0.097 cc/gm. The fit might well 
be described as 0.097/0.140 or 69 per cent. If the 
use of density is preferable the corresponding value 
is 63 per cent. 

Because this definition of “fit” is based on actual 
results it must be present in one form or another in 
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any method of calculation if that calculation is to give 
usable results. 


SUMMARY 


Mathematical models, illustrated by graphs, are pre- 
sented describing particle packing for cases of: 

1. Imperfect packing resulting from inability to re- 
position particles exactly as in the original solid 
mass. 

. Loss or discarding of particles making it impos- 
sible to reconstruct the original solid mass. 

3. Decrease in apparent density (increase in ap- 
parent specific volume) caused by decreasing 
particle size. 

Using these models, a method is developed for 
describing: a) The “perfect” fit of two different groups 
of particles assuming no interference between the 
groups and, b) a proposed definition of “fit” as the 
ratio of actual packing density to the above described 
“perfect” fit. 

The method allows a rapid approximation of the 
results to be attained from blending two groups of 
particles with a minimum of data. 


bo 
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STANDARDS FOR PRACTICAL FOUNDRY USAGE 


Ernest A. Geary* 


Competition and the ability to make a profit are 
undoubtedly the two strongest motivators in the 
growth, strength, and leadership of our great free 
enterprise economy. Competition decides the products 
that will be built, the materials that will be used 
to produce them, and the method of forming this 
material into the final product. We in the pattern 
business depend for our existence upon competitively 
acquiring the tooling requirements of the sand cast- 
ing industry. 

The number of patterns required by the industry 
will be decided by how many items this industry 
can offer the cheapest method of product manufac- 
ture. Whether we are a pattern jobber or a captive 
shop, the number of items that we are successful in 
acquiring will be dependent not only on how efficient- 
ly we operate our shop, but upon what type of 
pattern the foundry will require to produce the speci- 
fied casting. 

We all know that for any given part, the type of 
pattern, material, technique used in its construction, 
and accuracy required can vary widely for many 
reasons. 


PATTERN EQUIPMENT 


One of the reasons for the many different types 
of pattern equipment which can be built today is 
the continued effort on the part of the sand casting 
industry to acquire more and more items in compe- 
tition with other metal forming industries. The various 
techniques of making the sand mold by mechanical 
methods such as jolt-squeeze, sand slinger, blowing, 
diaphragm squeeze, and shell molding, have been 
utilized by the industry toward the reduction of their 
casting cost. 

The elimination of more and more hand operations 
by the application of automatic devices and controls 
has improved the competitive position of castings, 
but it has had its effect upon the patternmaking 
business also. 

The various techniques for making the sand molds 
definitely affect the pattern shop if they are to build 
suitable production patterns. A pattern built for a 
jolt-squeeze ramming method for any given design 


*Westinghouse Electric Corp., Trafford Foundry, Trafford, Pa. 
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will have a different total mold production life 
than the same pattern if a sand slinger is used to make 
the mold. Similarly, the introduction of mechanization 
and automation both in the foundry and the machine 
shop affects the type of pattern that can be built 
to satisfy a given casting design. 

The rigging of any pattern for a mechanized unit 
results in costs which are in addition to the actual 
casting shape. As hand operations are eliminated in 
the foundry, the pattern shop must provide the pat- 
tern with features that were not required in the 
heap-sand foundry. As mechanization increases in 
the foundry the pattern becomes more elaborate and 
more costly to produce any given casting. 


MOLD MAKING IMPROVEMENTS 


Thus the foundry that makes improvements in its 
mold-making procedures in order to make its castings 
cheaper will many times find itself restricted to high- 
er activity items because of the increased pattern 
costs required to tool its mechanized units. 

The obvious result of this situation is the criticism 
of the pattern shop by the foundry for its inability 
to obtain new work because the pattern costs are 
too high. Sometimes this is undoubtedly true, but it 
is also true that the foundry in its intense desire to 
have a low casting cost will attempt to make castings 
on mechanized units whose activity does not justify 
the pattern expenditure required to tool the unit. 

For example, the expenditure of 20 dollars for an 
attached gate on a pattern which we will assume to 
reduce the casting cost five cents means that the 
foundry must make at least 400 castings before the 
effect of this expenditure can be justified to the ulti- 
mate casting customer. If the gains that are obtained 
in the foundry by mechanization are thus nullified 
by the increased pattern costs, the net result of prog- 
ress will not be realized by the sand casting industry. 

Pattern shops have realized this situation and in- 
deed, great strides have been made in the use of 
new materials such as plastics, better use of existing 
materials, and improved methods used in the form- 
ing of these materials into the desired shape. Our 
continued efforts along these lines will benefit the 
competitive application of more mechanization in the 
foundry which will help the entire industry. 
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Any attempt on our part to better our pattern 
competitive position by lowering our quality stand- 
ards can only perform a disservice to ourselves, the 
foundry and the industry. We must keep pace with 
the efforts of the foundry by supplying more elaborate 
patterns at reduced costs which satisfy the required 
production requirements of the part. 

The request for pattern quotations received by the 
pattern shop may contain a wealth of information sup- 
plied by both the foundry and the ultimate casting 
user or it may consist of the simple statement, “Quote 
pattern to produce above part.” With the many 
different types of patterns of various materials that 
can be made today, the buyer who is interested in 
acquiring several quotations can be assured of a wide 
spread between the high and low bidder by using 
the above-mentioned phrase. 

Since in many cases the actual pattern is retained 
by the foundry and never seen by the actual pattern 
purchaser, the selection of the best value from an 
overall cost standpoint can seldom be known. 


SAFETY MARGIN 


Since in many cases a true evaluation could not 
be made even if the actual pattern was examined, 
it becomes a matter of record as far as the buyer is 
concerned that the pattern for a given part is in 
existence and the routine ordering of castings fol- 
lows. Many casting users feel that once a pattern 
has been produced, castings can be ordered indefi- 
nitely without further expenditures on their part. This 
can result in the foundry supplying castings for years 
from a pattern which was built to produce the quan- 
tity on the original order with very little safety 
margin. 

If the foundry finds this situation untenable, it 
may approach the customer for major repair money 
or for complete replacement of the pattern and read- 
ily obtain it. On the other hand the foundry may 
be criticized for maltreatment of patterns or may 
have to relinquish some of the profit margin in order 
to offer the customer a “cost reduction” to justify 
the replacement pattern expenditure. 

Certainly this is not such an unusual chain of 
events that everyone of us cannot recall where dif_fi- 
culties with pattern equipment could be traced di- 
rectly to lack of sound information when the pattern 
was originally quoted and constructed. When good 
information is supplied regarding the life of the de- 
sign, normal ordering quantities, and normal yearly 
activity with the pattern quotation request, the casting 
user, foundry and pattern shop all benefit from the 
advances the industry has made in its methods. 


PATTERN STANDARDIZATION 

We all know that a pattern for producing one 
casting per year is entirely different than a pattern 
for producing 1,000 castings per day. While this is 
obvious, does not the same principle apply to cases 
where the difference between quantities is not so 
marked? I think we can all agree that the anticipated 
activity of a part is a large factor in deciding what 
type of pattern should be built and as such, becomes 
a contributing factor in any attempt to standardize 
patterns. 
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As an approach toward standardization of patterns 
by the amount of castings required, the author's com- 
pany uses a system of pattern classification which 
directly relates pattern type with activity. With this 
system there are five classes of pattern equipment to 
designate to our customers the types of pattern 
equipment which can be built. Class One pattern 
equipment is designated as low cost equipment, usu- 
ally made for one or two castings and the pattern 
is destroyed when notification is received that the 
castings produced from it have been accepted. When 
a customer specifies this type of activity, the pattern 
shop is only required to build the required shape 
as cheaply as possible, and the foundry gains the 
added advantage of not having to store the pattern 
or maintain it over an appreciable period of time. 

A Class Two pattern is also usually a loose wood 
pattern. However, in this case the pattern is built 
with an anticipated life of 10 years. The activity for 
this classification is in the 5-10 castings per year 
category, which means the pattern must be built for 
a total production of from 50-100 castings. When a 
customer indicates that he wants a pattern for one 
large initial order with a possibility of small future 
activity, Class Three equipment is usually built. 

A typical example of this category would be a ma- 
chine-mounted wood pattern rigged for a_ specific 
molding unit and gated to foundry specifications. The 
activity figures for this classification of pattern may 
range from 100-250 pieces on the first order, with 
50-60 castings per year afterwards for 10 years. This 
means that the pattern must be built for a total of 
from 600-850 castings. 

Class Four pattern equipment is designated for 
low activity, long-life items for which a hardwood 
pattern mounted for machine molding, gated to 
foundry specifications, and reinforced with metal on 
the high wear areas is usually built. The activity 
of items in this category is usually 100-300 castings 
per year with a 10 year life. This means the pattern 
must be built to produce a total of from 1,000-3,000 
castings. 

Finally, Class Five pattern equipment is designated 
for high-activity long-life designs for which metal 
equipment is usually built. The activity figures of 
this type of pattern equipment are only limited by 
the production limitations of the foundry molding 
equipment. 

Coupled with this program of classifying patterns 
by activity is the maintenance policy which is afford- 
ed our customers based upon this system. All repairs 
necessary to maintain the pattern capable of pro- 
ducing commercially acceptable castings, as speci- 
fied by the part’s engineering drawing, are assumed 
by the foundry for the Class Two, Three, and Four 
categories for the normal life expectancy of the pat- 
tern class. 

Maintenance of Class Five equipment is assumed 
by the foundry on a permanent basis, which includes 
the replacement of the pattern when it can no longer 
be used for casting production. When the normal 
life expectancy of the Class Two, Three, and Four 
patterns has expired, and the pattern can no longer 
be economically repaired, replacement requests are 
entered against the casting customer. 
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It is felt that there are many advantages to be 
realized by this system of standard pattern classifi- 
cation as the author's company uses it. The buyer is 
made more aware of the importance placed on the 
life of the design and activity figures which he sup- 
plies on his requests for quotation. He more fully 
realizes the many types of pattern equipment that 
can be built for any given design, and what can be 
expected from various representative types. 

PATTERN MAINTENANCE 

The pattern maintenance policy offers the buyer 
an incentive to obtain accurate activity figures from 
his organization, since he cannot easily ignore or 
deny replacement pattern requests received because 
the foundry acted on erroneous information which 
he supplied. Finally, it gives the buyer a_ better 
tool to evaluate competitive pattern quotations be- 
cause he knows the prices submitted are for a pat- 
tern capable of producing a specified number of cast- 
ings. 

With this system the pattern shop is given quite a 
bit of freedom in the selection of construction tech- 
niques and materials within the total production fig- 
ures of the various classes. The ingenuity of the pat- 
ternmaker is not restricted to the extent that he must 
use the same material for the pattern of a heavy- 
sectioned casting as he would for a relatively fragile 
casting. 

The system promotes a better understanding in the 
pattern shop of the problems faced by foundry per- 
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sonnel on specific designs. The relative value of dif- 
ferent construction methods, and new pattern mate- 
rials, can be evaluated more effectively because of 
the foundry’s responsibility under the pattern mainte- 
nance policy. 

It is felt at the author's company that the foundry 
benefits from this system by receiving patterns built 
to run on its units and designed to produce the re- 
quired number of castings during the life of the de- 
sign. The foundry is made aware of the problems 
relating to patternmaking and how they can affect 
the foundry. It promotes a spirit of cooperation be- 
tween pattern shop and foundry in the use of new 
materials and methods for patterns, which will en- 
able the pattern shop to reduce its pattern costs. 

Finally, it helps the foundry understand how re- 
quests for better pattern equipment than that needed 
to produce the specified number of castings can only 
hinder the foundry’s acquisition of new work for 
their molding units. 

This system of pattern standards has been adopted 
by the author's company as an approach to better 
understanding between casting user, foundry, and 
pattern shop. This has been accomplished with a mini- 
mum of restrictions to competitive bidding, which is 
a basic requirement of any standardization program 
if it is not to stifle the industry. It is felt that it has 
enabled the author's company to make better pat- 
terns, to produce more consistent castings, for a longer 
period of time. Can it do the same for you? 










INTRODUCTION 


A little over a year ago, the Shell Mold and Core 
Committee (then known as the Shell Mold Material 
Testing Committee) was at a point in its program 
where it needed some assistance from the industry 
to plan its future program so as to best serve the 
industry. Toward this end, the Committee prepared 
a questionnaire which was distributed to a mailing 
list prepared by the members of the Committee. The 
questionnaire was designed to fulfill two purposes: 
1) to compile a list of quality-control procedures 
used in shell-mold foundries to control the proper- 
ties of incoming materials, as well as the shell-mold- 
ing process; and 2) to compile a list of production 
difficulties encountered in shell molding with particu- 
lar emphasis on reasons for scrap castings. 

The questionnaire was mailed to 118 foundries. 
Twenty-seven reported data out of 36 respondents. 
Seven reported they did no shell molding. Two re- 
turned blank questionnaires. The data received have 
been tabulated and the pertinent results are covered 
in this report. 


GENERAL FOUNDRY INFORMATION 


Of the foundries reporting, 7 employed fewer than 
100 people, 5 were in the 100-200 range, and 15 
employed over 200 people. In reply to the question 
on the type of foundry operation, 8 reported captive, 
16 jobbing, and 2 a combination of captive and job- 
bing. Sixteen foundries were in full shell-molding 
production, 7 in the pilot stage, and 4 in the devel- 
opment or experimental stage. The report on the 
types of metal poured showed that most foundries 
were pouring gray iron into shell molds. The break- 
down by metals is given in Table 1. 

SHELL-MOLD PRODUCTION DATA 

To get an idea of the types of castings being 
made and the details related to the production of 
the castings, the foundries were asked to report the 
pertinent data for a typical casting. They were asked 
the end use of the casting, the number of castings 
per mold and weight per mold, pattern, mold, and 
core data, as well as the dimensional tolerances and 
the reason shell molding was used for this typical 
application. 





*8-N Committee Members: N. Sheptak, J. E. Bolt, G. I 
Reynolds, R. J. Cowles, A. L. Graham, F. W. Less, 
R. J. Mulligan, R. A. Rabe, J. G. Smillie, W. H. Dunn, 
T. V. Linabury, R. E. Melcher, E. I. Valyi, J. M. Verdi. 
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SHELL MOLDING SURVEY 


A REPORT OF THE SHELL MOLD AND CORE COMMITTEE (8-N) * 


As has been reported in other surveys on shell 
molding, the end use of the shell-molded castings 
covered a wide range of applications. Casting weights 
were reported from a minimum 0.02 Ib to a maximum 
151 lb. The majority of the applications reported 
were under 10 Ib. The number of castings per mold 
varied from 1-80. The minimum casting section thick- 
ness reported was 1/16-in., while many reported 1/8- 
in. in all metals. Shell-mold thicknesses varied from 
1/8-1/2-in. Sixty-three per cent of the foundries 
used shell cores, one-quarter of them using some type 
of wash on the cores. 

Cast iron was the favored pattern material, pre- 
ferred by 56 per cent of the foundries. Aluminum 
and steel were equally favored by 11 per cent of the 
foundries, while 15 per cent reported using combi- 
nations of metals for patterns. A silicone release agent 
was used by 85 per cent of the foundries, the bal- 
ance using some type of wax for release. 

The dimensional variation within a mold half was 
reported from a low of +0.001 in. per in. to a high 
of +0.025 in. per in. Most foundries reported a vari- 
ation of +0.005 in. per in. Variation across the parting 
line varied from +0.003 in. per in.-+0.125 in. per 
in. with the majority reporting in the range +0.005- 
0.015 in. per in. Variation around a shell core ranged 
from +0.004 in. per in.-+0.020 in. per in. 

Improved surface finish was the reason reported 
by 37 per cent of the foundries for turning to shell 
molding. Next in the order of importance were ability 
to cast to closer dimensions and the elimination or 
reduction of machining, each reported by 26 per cent 
of the respondents. Other reasons cited were cost 
reduction (15 per cent) and increased production 
(11 per cent). 


SAND AND SAND-RESIN MIXTURES 


All types of new sand were reported being used 
for shell molding. Two-thirds of the foundries pur- 
chased dried sands. Round, sub-angular, and angular 


TABLE 1—BREAKDOWN OF METALS POURED 








Metal No. Foundries % 
Gray Iron 16 59 
Malleable Iron 4 15 
Steel 5 18.5 
Stainless Steel 4 15 
Magnesium 3 11 
uminum 8 30 
Brass and Bronze 3 ll 
Special Alloys 8 30 
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grain sands were all used, with a preference being 
shown for sub-angular grain shape. The sands were 
described as 3 and 4 screen sands, with AFS GFN 
in the range of 81-110 most popular. Most of the 
foundries had some purchase specification on clay 
content of the sand. 

Dry blends of sand and resin were reported used 
by 48 per cent of the foundries while 52 per cent 
reported using cold-coated mixtures and 19 per cent 
hot-coated mixtures. The use of additives to the sand- 
resin mixture was limited to a few foundries. The 
dump box method of investment was most widely 
used for shell molds while most shell cores were made 
by blowing 


QUALITY CONTROL 
Sand. Sieve analysis was used by 59 per cent of 
the foundries for controlling the quality of incoming 
sand. Forty-one per cent analyzed for clay. Other 


control tests used were moisture content and loss on 
ignition, 

Resin. No specific tests were used by the foundries 
for resin control. 

Resin-Sand Mixture. Thirty per cent of the found- 
ries used the 1/4-in. thick tensile strength specimen 
for controlling the mixtures. Several foundries report- 
ed using flexural strength, scratch hardness, and cure 
time as controls on the mixture. The 8-N tentative 
standard tensile test method was used by 15 per cent 
of the foundries. 
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Shell Mold Survey 


Shell Mold Production. The color of cured shell 
molds was the most widely used production control. 
Eighty-five per cent of the foundries used some sort 
of color test. Next in order of preference were mold 
thickness tests (70 per cent) and mold weight tests 
( 67 per cent). 

One-half of the respondents indicated that new 
tests were necessary for coated resin-sand mixtures. 
Among the tests suggested were hot expansion, crack- 
ing tendency, hot tensile, cure, investment rate, hot 
and cold flowability, hot transverse, and flexural. 


PRODUCTION PROBLEMS 

Mold cracking and casting surface defects were 
listed as the most prevalent reasons for scrapped 
castings. In the order of decreasing frequency of men- 
tion, the problems reported were mold cracking, 
surface defects, stripping breaks, parting line bond 
failure, cold shuts, runouts, swells, burned-in sand, 
inclusions, and mold distortion. 

FUTURE COMMITTEE WORK 

As a result of the questionnaire survey, the Shell 
Mold and Core Committee 8-N has undertaken a 
study of the problem of mold cracking, which is a 
function of mold-wall movement or the thermal shock 
characteristics of a sand-resin mixture. Toward this 
end, the Committee is accumulating data on various 
hot-expansion tests as well as information on hot- 
tensile tests. It is hoped that out of this study will 
develop recommendations and tests for the elimina- 
tion and control of mold cracking. 





Board Draws Record 
Number of Directors 


) fee Directors with President L.H. 
Durdin presiding, held the An- 
nual Board Meeting of the Society in 
Dearborn, Mich., Aug. 7-8. Twenty- 
one of the 24 Directors attended, the 
largest number to date. 

This is the first time since 1950 
that the meeting has been held out- 
side of Chicago. The entire Board of 
Directors of the Detroit Chapter met 
with the AFS Board of Directors for 
dinner on the 7th. 

Two new Directors were elected 
by the Board to terms expiring in 
April, 1959. The new Directors are: 


® J.H. King, Archer-Daniels-Midland 
Co. (Canada), Ltd., Toronto, Ont., 
replacing the late Alex Pirrie. 


W. D. McMillan, newly elected 
Director succeeding G. P. Phillips. 


® W.D. McMillan, International Har- 
vestor Co., Chicago, to complete the 
term of G.P. Phillips also of Interna- 
tional Harvester Co., Chicago. Phillips 
was elected Director Ex Officio, the 
first named to this office as provided 
under the revised By-Laws. 

Four Staff Officers were elected 
by the Board in an effort to relieve 
the President of a portion of his duties 
and to delegate greater responsibility 
to Staff members. 

Staff Officers elected: 

General Manager—Wm. W. Ma- 
loney. 

Technical Director—S. C. Massari. 

Secretary—A.B. Sinnett. 

Treasurer—E.R. May. 

Construction of the proposed Train- 
ing & Research Institute Training Cen- 
ter building was postponed by the 
Board pending improved business con- 


ditions. The T&RI schedule of courses 
will continue to be held at foundry 
centers throughout the country. 


A. B. Sinnett, former Assistant 
Secretary, elected as Secretary. 


October 
Highlights 


15-16 . . Michigan Regional 
Foundry Conference, University 
of Michigan, Ann Arbor, Mich. 
16-17 . . All-Canadian Foundry 
Conference, Royal Connaught 
Hotel, Hamilton, Ont. 

17-18 . . New England Reg- 
ional Foundry Conference, 
Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

30-31 . . Purdue Metals Castings 
Conference, Purdue University, 
Lafayette, Ind. 

31-Nov. 1 . . Northwest Reg- 
ional Foundry Conference, 
Multnomah Hotel, Portland, 
Ore. 


Administration Meetings 
14 . . Region 4, University of 
Michigan, Ann Arbor, Mich. 

15 . . Region 2, Royal Con- 
naught Hotel, Hamilton, Ont. 
16 . . Region 1, Hotel Statler, 
Boston. 


20 . . Region 5, Hotel Astor, 
Milwaukee. 
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1958 T&RI Courses 


Air Pollution Control & Legislation Oct. 1-3—Chicago 
Lecture course covering the laws and interpretation, problems, sug- 
gested solutions and the drafting of ordinances from the foundry 
standpoint. Registration fee $40. 


Gating & Risering of Ferrous Castings Oct. 27-31—Chicago 
Lecture course on the problems relating to gating and fisering. In- 
tended for foremen, technicians, foundry engineers, supervisors, in- 
dustrial engineers and production and quality control personnel. 


Fee $65. 


Foundry Plant Layout Nov. 10-12—Chicago 
Lecture course on problems of rehabilitation or building of new plants. 
Intended for foremen, supervisors, industrial and production engineers 
and management. Registration fee $40. 


Advanced Industrial Engineering ° Dec. 8-12—Milwaukee 
Work sampling, rating practices, quality control including uses of 
motion pictures in these phases. Registration fee $125. 


*Course originally scheduled for other dates 











ee 





REGISTRATION 
AFS TRAINING & RESEARCH INSTITUTE COURSES 


Application for enrollment in T&RI course. 


Air Polivtion & Legistation [) Foundry Plant Layout 
Gating & Risering of Ferrous Castings ) Industrial Engineering 
Position 
SE bb 0's ci ekbets oabed ees eetecsesceerecess ee eee a 
Important 
PP Fore ge ee eee eee ee Tee Te eT eee eT ere eT ee 
Address 
Chad ake WEE oe ts eke O64 S400 640.00 6 Ob O04 60k 0 be kee OS 
 PEPrrerrrryy PerLETe PETIT eT Eee eee BORO. . ov ccses cc vedewsageens 
SOMMER 2 cc ccc cicccseescrcrececcerercecsereceseecccseccsceecesenscees 


Make checks payable to: AFS Training & Research Institute 


Mail to: AFS Training & Research Institute 
Golf & Wolf Roads 
Des Plaines, Ill. 
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Advance Sand Course Deals 
with Testing and Controls 











































® Advanced techniques in sand test- Clyde A. Sanders, American Col- 
ing, control and technology were pre- loid Co., Skokie, Ill., discussed Cast- 
sented to 37 foundrymen attending ing Losses and Testing Clays & Spe 
the T&RI-sponsored Sand Control & cial Sands. 
Technology course presented Aug. Other speakers and their subjects: 
11-15 at Rackham Memorial, Detroit. T. E. Barlow, Eastern Clay Products 
The course consisted of lectures Dept., International Minerals & 
and demonstrations given by eight Chemical Corp., Chicago, Mechanical 
outstanding foundrymen who donat- Mold Properties; Eugene Passman, 
ed their services. Frederic B. Stevens, Inc., Detroit, 
Victor Rowell, Harry W. Dietert Casting Finish; Anton Dorfmueller, 
Co., Detroit, lead sessions on Test Archer-Daniels-Midland Co., Cleve- 
ing & Tempering of Sand, Mold Wall land, Cores; Robert MclIlvaine, Na- 
Movement, Mold Wall Fracture, Mold tional Engineering Co., Chicago, 
Atmosphere and Metal Penetration Sand Reclamation; and Charles 
into Mold Surface. Rowell and Ray Locke, Crucible Steel Castings Co., 
Daskiewicz, also of Harry W. Dietert Cleveland, Heat Transfer Through 
Co., conducted demonstrations. Mold Wall. 


T&RI Sand Control and Technology course presented during August drew foundrymen from the 
United States and Canada. Lectures and demonstrations were held at Rackham Memorial Founda- 
tion, Detroit. The advanced course was for foundrymen having some experience in sand testing, 
control and technology. Included were statistical controls, mold wall movement, hot deformation, 
creep deformation, mold atmosphere, heat transfer, mechanical sand properties, metal penetration 
and quality control 





Instructor Victor Rowell, Harry W. Dietert Co., Detroit, reviews course material with John Bicher 
and Joseph Kuterbach, Stanley G. Flagg & Co., Stowe, Pa.; and Edward J. Richard, Bethlehem 
Steel Co., Bethlehem, Pa. 






AFS Joins in Program to Aid Vocational Teachers in 


Presenting Foundry in Secondary Schools. 


@ An intensive study of foundry tech- 
niques was presented to 30 Illinois 
vocational instructors at the Universi 
ty of Illinois Aug. 18-22. The pro- 
gram was developed to promote a 
workshop in cast metals for the trade 
and industrial vocation machine shop 
instructors. 

It was sponsored by the Illinois 
State Board of Vocational Education, 
the University of Illinois and the 
American Foundrymen’s Society. 

The attending instructors, all of 
whom have education degrees and 
are journeyman machinists, are cur- 
rently teaching in Illinois high schools 
and vocational programs. 

Workshops were used to present 
individual instruction with four of the 
five days devoted to the university’s 
foundry laboratory where the instruc 
tors practically applied methods of 
coremaking, molding and _ melting, 
patterns and castings. 

Instructors were divided into three 
groups and on Monday, Tuesday and 
Thursday attended 3-hour sessions in 
both morning and afternoon alternat- 
ing between lecture periods and work. 

Wednesday morning was devoted 
to a panel discussion on educational 
policy and the teaching of related in- 
formation. In the afternoon labor and 
management representatives told how 
vocational machine shop programs 
can be geared to new technological 
changes. 

Friday morning all groups attend- 
ed sessions on cupola principles and 
operation. The program was conclud- 
ed with discussions and evaluations in 
the afternoon. 

Instructors for the Illinois work- 
shops were Prof. James Leach and 
Norman Donze of the University’s 
mechanical engineering department 
and A.B. Sinnett, AFS Secretary. 

AFS General Manager Wm. W. 
Maloney was the main speaker at the 
Thursday evening banquet which was 
attended by 15 area foundrymen in 
addition to the vocational instructors. 

AFS participation in the workshop 
proved highly successful to the So- 
ciety as well as vocational instructors 
and other sponsors of the program. 
AFS furnished kits of material includ- 
ing text books, outlines of sample 
courses and _ considerable _ related 
material. 

Assistance by the Society in devel- 
oping better cast metal instruction in 
the secondary school systems is avail- 
able to interested state educational 
groups. 


At the speakers table of the Illinois workshop are (left to right) Millard Berry, Champaign, Ill., 
high school, president, Illinois Vocational Machine Shop Instructors; Bert Bevis, Caterpillar Tractor 
Co., Peoria, Ill., and AFS Education Division Chairman; E. M. Claude, chief, trade and industrial 
education, Illinois State Board of Vocational Education, Springfield, Ill; Wm. W. Maloney, AFS 
General Manager; Robert Newall, supervisor, trade and industrial education, Illinois State Board of 
Vocational Education, Springfield, IIl.; Frank W. Shipley, Caterpillar Tractor Co., Peoria, Ill., and 
former AFS President; Prof. James Leach, mechanical engineering department, University of Illinois 
and member of AFS Education Division; Charles E. Drury, Central Foundry Div., GMC, Danville, 


Ill. and AFS Regional Vice-President. 


Prof. James Leach (in cap) supervises Illinois high school teachers as they pour a casting during a 
5-day workshop on foundry practices held at the University of Illinois. 


Schroeder Completes 
Puerto Rican Project 


@ Establishing a foundry section of 
manufacturing processes and acting as 
a consultant to the College of Agri- 
cultural and Mechanical Arts, Uni- 
versity of Puerto Rico, made a busy 
summer for Prof. Roy W. Schroeder, 
Professor of Mechanical Engineering, 
University of Ilinois, Navy Pier, Chi- 
cago. 

Prof. Schroeder is Vice-Chairman 


of the AFS Education Division. 

In a letter to AFS Headquarters, 
Prof. Schroeder made the following 
comments about his Caribbean tou 
of duty: 

“Things are beginning to shape up 
—materials, machines and supplies are 
expect to start 
instruction about August 15... | 
have visited several plants—one dates 
back to the days when everything 
was done by hand. Another is a small 
shop with a jolt stripper-roller con- 
veyor, shakeout and sand condition- 


being received 


ing unit A completely mod 


die casting plant is turning out some 
fine products . . . A nearby china 
ware factory has a good supply of 
fine white silica sand suitable for 
molding.” 


major AFS meetings 


OCTOBER 


1-3 T&R! Air Pollution Control & Legisla- 
tion course, Hamilton Hotel, Chicago 
14 Region 4 Administration Meeting, Uni- 
versity of Michigan, Ann Arbor, Mich 

Region 2 Administration Meeting, Roy- 
al Connaught Hotel, Hamilton, Ont 
15-16 Michigan Regional Foundry Confer- 
ence, University of Michigan, Ann Arbor, Mich 
Sponsors: Central Michigan, Western Michigan, 
Detroit, Saginaw Valley Chapters; Michigan 
State University and University of Michigan 
16 ; Region | Administration Meeting, 
Hotel Statler, Boston 
16-17. All-Canadian Regional Foundry 
Conference, Royal Connaught Hotel, Hamilton, 
Ont. Sponsors: Ontario and Eastern Canada 
Chapters 
17-18 . . . New England Regional Foundry 
Conference, Massachusetts Institute of Tech- 
nology, Cambridge, Mass., Sponsors: New 
England and Connecticut Chapters. 
sa Region 5 Administration Meeting, 
Astor Hotel, Milwaukee 
27-31 . . . T&RI Gating & Risering of Ferrous 
Castings course, Hamilton Hotel, Chicago 
30-31 Purdue Metals Casting Conference, 
Purdue University, Lafayette, Ind. Sponsors: 
Central Indiana, Michiana Chapters; Purdue 
University 
31-Nov. 1 Northwest Regional Foundry 
Conference, Multnomah Hotel, Portland, Ore 
Sponsors: Washington, Oregon, British Co- 
lumbia Chapters; Oregon State College Stu 
dent Chapter 


NOVEMBER 


7 Region 6 Administration Meeting, Pea- 
body Hotel, Memphis, Tenn 

10-12 T&RI Foundry Plant Layout course, 
Hamilton Hotel, Chicago 


DECEMBER 


8-12 T&RI Advanced Industrial Engineer- 
ing course, Marquette University Management 
Center, Milwaukee 
8 . . . AFS Nominating Committee, Annual 
Meeting, Sherman Hotel, Chicago 
9... AFS Board of Awards, Annual Meeting, 

sgue Club, Chicago 

T&RI Trustees, Mid-Year Meeting, 

Union League Club, Chicago 


JANUARY 


16 . Region 3 Administration Meeting, 
Hotel Statler, Cleveland 


FEBRUARY 


11. . . APS Beard of Directors, Spring 
Meeting, Palmer House, Chicago 

12-13 . . . Wisconsin Regional Foundry Con- 
ference, Schroder Hotel, Milwaukee. Spon- 
sors: Wisconsin Chapter; University of Wis- 
consin Student Chapter 

26-27. . . Southeastern Regional Foundry 
Conference, Hotel Tutwiler, Birmingham, Ala 
Sponsors: Birmingham, Tennessee Chapters; 
University of Alabama Student Chapter 


MARCH 


12 . . . Region 7 Administration Meeting, 
Huntington Hotel, Pasadena, Calif. 


APRIL 


13-17. . . APS Castings Congress & Engi- 
neered Castings Show, Hotel Sherman and 
Morrison, Chicago. 
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Follow Suggestions to Make Ride the Upswing in ‘59! 
Exhibit Dollar Go Farther 


@ How castings can be more profit- which inc porate your castings 
abl ised as finished products ras 


vents will be dramatize 


Operating the Booth 
gs buvers and designers at Have on hand the best literature 
Engineering Castings Show ivailable on your products. In addi- 
w. to be held Hote] tion to vour own catalogs, literature 
Chicago, Apri] 13-17, will published by AFS and trade associa- 
ze the flexibility, quality d tions will complement your display 
nv of castings ® Send engineers or men who are 
WN. Davis, AFS Exhibit Manager qualified to discuss design-production 
that early indications point to problems intelligently 
out of the 25,000 sq ft of ex ® See that all castings exhibited are 
pace. To increase the eftective well identified as to tolerances, chem- 
ness of exhibitor’s booths. Davis has ical properties, applications, weight 
several suggestions saving and machining time 


® Plan a daily sales conference 

in designing booths exhibitors are reminded that customers want to see actual products and dis- 

as se of -_ | “ nasil : cuss specific problems. Booths should be planned so that applications can be shown. Keep in mind 
tress the range of products, tech pects, questions and jobs under con that castings, patterns or products are being sold, not displays. Keep all displays related to the 

nical data, design illustrations and ac- sideration product. _ 


Planning Booth 


throughout the show to go over pros 


tual applications Exhibitors at the Engineered Cast- 
® Keep all displays related to the ings Show will be confined to fou 
booth classifications. 

® In planning the booth lay it out ® Producers of castings for sale. 

to scale, make it easy for visitors to ® Producers of patterns for sale. 

enter. Avoid excessive decoratio ® Manufacturers of laboratory, testing 
other distractions. Allow space w and inspection equipment for quality 


blueprints an be spread out nd control 


i 
examined ® Producers of metals and allovs in- 
® If possible } 
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Floor Plan of Engineered Casting Show to be Held April 13—17 in Chicago 
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Division Changes 
Sand Division 


@ Seven new committee chairmen and 
three new coordinators were appoint- 
ed by the Sand Division Executive 
Committee at its June meeting held 
in Chicago. 

The new chairmen: 

Core Test Committee—D. R. Ches- 
ter, Archer-Daniels Midland Co., 
Cleveland. 

Mold Surface Committee—G. J. Vin- 
gas, Wehr Steel Co., Milwaukee. 

Shell Mold & Core Committee—R. A. 
Rabe, General Motors Corp., De- 
troit. 

Materials Used in Malleable Found- 
ries Committee—D. S. Dalton, Ra- 
cine, Wis. 

Effects of Carbonaceous Materials 
Committee—P. W. Green, General 
Electric Co., Erie, Pa. 

Sand Test Handbook Revision Com- 
mittee—F. P. Goettman, Standard 
Sand Co., Grand Haven, Mich. 

Basic Concepts Committee--]. B. 
Caine, Consultant, Cincinnati. 
The three new _ cordinators are 

T. E. Barlow, Eastern Clay Dept., 

International Minerals & Chemicals 

Corp., Chicago; C. E. McQuiston, 

Advance Foundry Co., Dayton, Ohio; 

and Nicholas Sheptak, Dow Chemi- 

cal Co., Midland, Mich. 


Pattern Division 
New division officers have been 
elected. 
Chairman—O. C. Bueg, Arrow Pat- 
tern & Engineering Co., Erie, Pa. 
Vice-Chairman—]J. M. Kreiner, Nation- 
al Malleable & Steel Castings Co., 
Cleveland. 
Secretary—R. L. 
Inc., Chicago. 


Olson, Dike-O-Seal, 


Refractories Manual 


]. P. Holt, Basic, Inc., Cleveland, 
has replaced R. H. Stone as com- 
mittee chairman. 


SH&AP to Publish New 
industry Developments 
@ Increased emphasis on providing 
foundrymen with the latest develop- 
ments in safety, hygiene and air pol- 
lution has been approved by the 
SH&AP Control Steering Committee. 

Recommended plans include: 

® Bringing existing codes up to 
date and published as a supplement 
to the Arm POLLUTION MANUAL. 

® Publication in MopERN CasTINGs 
or mailings of the latest develop- 
ments in air pollution. 

® Publication of various phases of 
insurance written by or obtained 


from insurance 


representatives serv- 


ing on SH&AP committees. 


Membership Pins Available 


@ Three types of membership pins 


may now be 
through the 


purchased for $1 
Membership 


Depart- 


ment, AFS Central 


Office, Golf & 


Wolf Roads, Des Plaines, Ill. 


Both the screw type and the pin- 
available for 
use and a tie-tack 
for wearing on the tie. Twenty-five 
and 50 year membership pins are 
available on request. 


back type are 


Members of the Light Metals Division and Die Casting & Permanent Mold Division jointly spon 


sored a luncheon at the 62d Convention 
Midland, Mich., presided. Others in pictures on panel which discussed Automatic Ladling of 
Light Metals are: R. C. Haverberg, AC Spark Plug Div., 


F. C. Bennett, 


Electric Co., Baltimore, Md.; and H. Eriksen, Chysler Corp., Kokomo, Ind. 


and C. E. Nelson 


GMC, Flint, Mich.; C. H. George 


Dow Chemical Co 


lapel 


is also available 


Western 


Brass & Bronze Picks 
Theme for Convention 


@ “Methods for Quality Control of 
Brass and Bronze Castings” has been 


selected as the 


theme of the Brass 


& Bronze Division for the 1959 Con- 


vention. 


lechnical talks aimed at this gen- 
eral subject will be supplemented by 
a round-table luncheon and a shop 


course, The 


round-table 


discussion 


will be designed to emphasize ad- 


vantages of brass 


ings. 


and bronze cast- 


Topics to be covered will be phy Si- 
cal and mechanical properties, cor- 


rosion and applications. 


According to R 


]. Keeley, Division 


Chairman, “The shop course program 
will deal with casting quality and 
specifically with the metallurgical and 


foundry 
Among the 


aspects of quality control.” 
technical papers con 


sidered for the 1959 Convention are: 


® A research committee report on 
work conducted at the University of 


Michigan. 


® A paper on electrical conductiv 
itv in copper-base alloys 


® A paper reporting original work 


done in England. 


Tentative Schedule of Technical Sessions 
AFS Castings Congress & Engineered Castings Show 
April 13-17, 1959 . . . Hotels Sherman & Morrison 





TIME 
8:00 am 
9:30 am 
to 
11:30 am 


12:00 
noon 


2:00 pm 
to 
4:00 pm 


to 
5:30 pm 


~ 4:00 pm 


MONDAY 


Authors Breakfast 


Light Metals 
Malleable 
Pattern 


Light Metals 
Lunche on 
Malleable Luncheon 


Brass & Bronze 
Sand 
Pattern 


Brass & Bronze 
Malleable Shop 


Course 


TUESDAY 
Authors Breakfast 


Brass & Bronze 
Pattern 
Malleable 
SH&AP 
T&RI Trustees 
Brass & Bronze 
Luncheon 
Pattern Luncheon 
Board of Directors 
Luncheon & Meeting 


Light Metals 
Education 
Industrial 

Engineering 

& Cost 
Sand 
Light Metals 
Malleable Shop 
Course 
Gray Iron Shop 
Course 


WEDNESDAY 
Authors Breakfast 


Annual Business 
Meeting & 
Hoyt Lecture 


Management 
Lun heon 


Steel 
Sand 
Die Casting & 
Permanent Mold 
Gray Iron 


Industrial 
Engineering 
& Cost 
Die Casting & 
Permanent Mold 
Gray Iron Shop 
Course 





6:00 pm 


Canadian Dinner 
Sand Dinner 








8:00 pm 
to 
10:00 pm 


Sand Shop Course 


Annual Banquet 


THURSDAY 
Authors Breakfast 


Steel 
Ductile Iron 
Fundamental Papers 


Steel Luncheon 
Gray Iron Luncheon 
Past Presidents 
Luncheon 


Sand 
Heat Transfer 
Ductile Iron 
Fundamental Papers 


Steel 
Gray Iron 


~ Alumni Dinner 


FRIDAY 


Authors Breakfast 


Sand 
Heat Transfer 
Ductile Iron 


Ductile Lron 
Luncheon 


Gray Iron 
Plant & Plant 
Equipment 
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Utilizing New Developments— 


Theme of Michigan Conference 


® Critical examination of new de 
velopments in the metalcasting in 
dustry including design, material, 
melting, molding and marketing and 
the ways by which they can be put to 
profitable use will be discussed at the 
Michigan Regional Foundry Confer 
ence 

The conference, to be held Oct 
15-16 at the University of Michigan 
Ann Arbor, Mich., is sponsored by 
the AFS Central Michigan, Western 
Michigan, Detroit and Saginaw Valley 
Chapters and the University of Michi 
gan and Michigan State University 





x 
@ ‘“ 


W. C. Truckenmiller 





W.C. Truckenmiller, Albion, Mich 
is Conference Chairman. David I. Ja- 
cobson, Grand Haven Brass Co., 
Grand Haven, Mich is Program 
Chairman. 


WEDNESDAY, OCT. 15 
Morning Session) 


Cast to size session—The prin ipal new 
molding techniques for obtaining accu- 
rate dimensions will be discussed by 
experts in each field. In addition to pre- 
senting the new developme nts in each 
process, three representative castings will 
be analy zed by each spe aker 
Shell Molding — Joseph Orloff, Saginaw 

Malleable Iron Div., GMC, Saginaw, 

Mic h 
Investment Casting & Related Processes 

— Charles W. Schwartz, Misco Preci 

sion Casting Co., Whitehall, Mich. 
CO. Process — Frank Ilenda, Diamond 

Alkali Research Center, Painesville, 

Ohio. 

Parlanti Permanent Mold Process —C. A. 
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Parlanti, Niforge Engineered Castings, 
Inc., Boston 

Die Casting —J. L. 
Die Casting Div., 
troit 

Sand Molding, Graphite Molding & Other 
Processes — Dr. R. A. Flinn, University 
of Michigan, Ann Arbor, Mich 
Luncheon will feature “The Buhrer 

Automated Molding and Pouring Meth- 

od” with comments by A. H. Homberger 

American Automation Corp., Ann Arbor 

Mich. 


Pedicini — Congress 
Tamm Corp., De- 


( Afternoon Session) 


Melting sessions. Examination of new 
developments in melting techniques and 
materials will be featured 
Ferrous — “New Developments in Cupola 
Practice,” W. Levi, Lynchburg Found- 
ry Co., Radford, Va 
Non-Ferrous ‘Induction Furnace Melt- 
ing of Brass & Bronze Alloys,” speaker 
to be announced 

Non-Ferrous — “Induction Melting of Alu- 
minum and Zine Alloys for Sand, Per 
manent Mold and Die Casting Indus- 
tries,” speaker to be announced 

Steel — New Developments in Steel Melt 
ting, Paul Gouwens, Armour Research 

Foundation, Chicago 
Gray Iron — “New Developments in Gray 

Iron Melting,” H. H. Wilder, Vanadium 

( orp ot America, ¢ hic igo 

Evening banquet to be held at the 
Washtenaw Country Club 


THURSDAY, OCT. 16 
Vorning Session ) 

Sand — “Synthetic Sands for Ferrous and 
Non-Ferrous Foundries,” C. A. Sand- 
ers, American Colloid Co., Skokie, Ill 
W. Shartow, Chevrolet Grey Iron 
Foundry Div., GMC, Saginaw, Mich 

Design — “Stress Analysis & Design,” 
Robert Frank, Superior Steel & Malle 
able Iron Co., Benton Harbor, Mich 

Material — “Castings & the Automobile 
Industry,” Conrad Orloff, General Mo 
tors Technical Center, Warren, Mich 
The luncheon session will feature a talk 

on “New Developments in Practical Ap- 

plication of Atomic Energy” by Roger 

Leathermann, University of Michigan 

Ann Arbor, Mich. 

Tour of reactor at University of Mich 
igan and the new automotive-engineering 
laboratories. 


Southeastern Chairmen 


@ M. D. Neptune and J. R. Card- 
well, Chairman and Vice-Chairman of 
the Birmingham District Chapter have 
been named General Chairman and 
Program Chairman of the 1959 South- 
eastern Regional Foundry Conference 
to be held Feb. 26-27 at the Hotel 
Tutwiler, Birmingham, Ala. 





Limitations on enrollment at T&R! courses permit individualized instruction. M. K. Young shows the 


latest techniques to Albert Bolmer, Taylor-Wharton Co., Div. Harsco Corp., High Bridge, N.J.; W. A. 
Macnider, Jr., Chicago-Dubuque Foundry Co., Chicago; Oren Layton, Argonne National Laboratory, 
Lemont, ill.; and R. J. Porter, General Dynamics Corp., Electric Boat Div., Groton, Conn 


T&RI Patternmaking Course 
Emphasizes New Techniques 


@ New 
niques and their applications were 
emphasized at the T&RI Patternmak- 
ing course presented Aug. 18-20 in 


materials, processes, tech- 


( hicag ) 

Among the newer processes dis- 
cussed were plastic foundry patterns 
ind shell mold and shell core equlp- 
ment. Advantages and applications of 
plastic patterns were outlined and a 
demonstration made illustrating cast- 
ing resins and laminating. 

Shell mold and shell core pattern 
equipment discussions included de- 
sign considerations, pattern materials, 
how to make the pattern stripping 
pis ind core boxes 

Patternmaking materials covered 
included wood patterns and_plastet 
ind gypsum cements. Sessions wert 
also held on production pattern equip- 
nent and core box design 

Six foundrymen served as instruc- 


tors. Those contributing their time 
and the subjects were: 

John F. Roth, Cleveland Standard 
Pattern Co., Cleveland, Wood Pat- 
terns; William Cheek, General Mo- 
tors Corp., Danville, Ill. and J. N. 
Mathias, Accurate Match Plate Co., 
Chicago, Production Pattern Equip- 
ment; M. K.. Young, U. S. Gypsum 
Co., Chicago, Plaster Patterns & Gyp- 
sum Cements and Plastic Foundry 
Patterns; Z. Madacey, Beardsley & 
Piper Div., Pettibone Mulliken Corp., 
Chicago, Core Blowing; Richard L 
Olson, Dike-O-Seal, Inc., Chicago, 
Core Box Design: and Fred Land- 
mann, Brillion Iron Works, Brillion 
Wis., Shell Mold & Shell Core Pattern 
Equipment 

Classes were conducted for two 
days at the Hamilton Hotel with the 
third day spent at the U. S. Gypsum 
Co. laboratories 





Instructor M. K. Young, U.S. Gypsum Co., Chicago, conducts demonstration for T&R! Patternmaking 
class. Both lectures and demonstrations were conducted during the 3-day course. 





Name National AFS 
Nominating Committee 


@ A nominating committee to select 
Officers and Directors at the AFS 
1959 Annual Business Meeting was 
named in August by the Society’s 
Board of Directors. 

Six committee members were 
named from lists submitted by chap- 
ters eligible this vear to suggest mem- 
bers 

These six together with the two 
immediate past presidents form the 
nominating committee which will 
meet Dec. 8 in Chicago to nominate 
a President, Vice-President, and_ six 
Directors, endeavoring, as prescribed 
by the AFS By-Laws, 
equitable and constant regional rep 


“to provide 
resentation, and representation 
for the several branches of the cast- 
ings industry.” 

Members of the Nominating Com- 
mittee are: 

Past President Frank W. Shipley, 
Caterpillar Tractor Co., Peoria, Il. 


Past President Harry W. Dietert, 
H. W. Dietert Co., Detroit, Mich 

F. A. Dun, Babcock & Wilcox Co 
Barberton, Ohio, representing Region 
3—Chapter Group G—Canton District 

Gray Iron and Steel. 

E. W. Deutschlander, Worthington 
Corp., Buffalo, N. Y., 
Region 1—Chapter Group E—Western 
New York Chapter—Gray Iron 

D. G. Schmidt, H. Kramer & Co 
Chicago representing Region 5 
Chapter Group K—Chicago Chapter 
-Supplies. 

J. D. Tracy, Salmon Bay Foundry 
Co., Seattle, representing Region 7 
Chapter Group R—Washington Chap 
ter—Gray Iron. 


representing 


Marcel Trottier, Quebec Iron & Ti 
tanium ( orp. Sorel Ouse represent 
ing Region 2—Chapter Group D—East 
ern Canada—Supplies. 

L. J. Woehlke, Spring City Div. 
Grede Foundries, Inc., Waukesha 
Wis., representing Region 5—Chapte: 
Group L—Wisconsin Chapter—Gray 
Iron and Steel 


Northwest Regional Stresses 
Latest in Foundry Techniques 


@ “Let’s Build Today's Foundry,” is 
the theme of the 9th Annual North- 
west Regional Conference to be held 
Oct. 31-Nov. 1 at the Multnomah Ho- 
tel, Portland, Ore. 

Plant layout, materials handling and 
work simplification will be stressed on 
the opening day. Molding methods, 
modern coremaking practices and new 
core processes will constitute the pro- 
gram for the second day. 

The conference is sponsored by the 
AFS British Columbia, Oregon and 
Washington Chapters with the Oregon 
State College Student Chapter. The 
Oregon and Oregon State College Stu- 
dent Chapters will be hosts. 

F.M. Menzel, Rich Mfg. Co., Port- 
land, Ore., is General Chairman and 
A. A. Belusko, Electric Steel Foundry 
Co., Portland, Ore, is Program Chair- 
man. 

The tentative program: 


FRIDAY, OCT. 31 


9:30 am — Potential Growth of North- 
west Foundries, a talk. 

10:00 am —Important Trends in Euro- 
pean Foundry Practice, film. 

10:45 am — Plant Layout Session, dis- 
cussion on foundry mechanization and 
modernization. 

12:30 pm— Luncheon, welcoming ad- 
dress by Portland Mayor Terry Shrunk. 


F. M. Menzel 


2:00 pm — Materials Handling Panel 
dealing with lift trucks, conveyors and 
materials handling in cleaning room 
4:00 pm — Work Simplification Session 
7:00 pm — Banquet 


SATURDAY, NOV. 1 


9:00 am — Comparison of Present Mold- 
ing Methods—panel discussion of shell, 
permanent, ceramic and COs molding, 
mold blowing and sand slinging 

12:00 Noon — Luncheon 

2:00 pm — Modern Coremaking Meth- 
ods, film. 

2:30 pm — New Core Processes, panel 
session covering shell, COs and cold- 
set cores. 

7:00 pm — Dinner and Dance. 


Competition Opens for Trainees in Five 
Divisions of AFS Apprentice Contest 


@ Competition starts Oct. | in the 
five divisions of the 1959 AFS Rob 
ert E. Kennedy Memorial Apprentice 
Contest. Closing date is March 16 
1959 

Any apprentice, learner or traine 
in the metaleasting industry who has 
not had more than five years experi 
ence in patternmaking or four years 
molding experience 1s eligible. Com 
petition 1s held in wood patternmak 
ing, metal patternmaking, steel mold- 
ing, gray iron molding and non-fe1 


rous molding 


Cash Prizes 


Apprentices will compete for cash 
prizes and certificates of recognition 
First place winners in each division 
of national competition will receive 
$100; 2d place $75; 3d place, $50 
In addition Ist and 2d place division 
winners will have their round-trip 
travel expenses paid to the 1959 
AFS Convention in Chicago and re 
ceive their awards personally. Cer 
tificates of recognition will be pr 


sented to all winners in each division 


Judging 
Judging is conducted on a point 
score basis determined by the Ap 
prentice Contest Committee. Follow 
ing is the point scoring system for 
the 1959 contest 


Wood Patternmaking 
Accuracy according to drawing 35 may 
Moldability 35 max 
Workmanship 
Pime LO max 


Total 100 may 


20 max 


Metal Patternmaking 
Accuracy according to drawing 50 ma 
Workmanship 30 max 


lime 20 max 


otal 100 ma 


Molding Divisions 
Gates & Risers 20 man 
Yield LO man 
Cleanability LO man 
General appearance 20 max 


Soundness 25 max 
l 


rime 5 max 


otal LOO max 


Chapter Contests 


\ll Chapters are encouraged to 
sponsor local elimination contests. The 
1959 Rules and Regulations approved 
by the Apprentice Contest Commit 
tee must apply for all local contests 
Chapters must furnish immediately 
to the Education Division, AFS Cen 
tral Office, the name of one person 
as the official contact for all corre- 


spondence concerning the contest and 
to receive all contest materials and 
instructions, 

At the time patterns and/or blue 
prints are requested for local contests 
the AFS Central Office must be fur 
nished with the full names, compa 
nies and respective divisions of entry 
for all intended contestants. The offi 
cial numbered identification tags for 
use by all contenders can not be pro 
vided until such information is re 
ceived since all entry numbers are 
identified only at the Central Office 

It is suggested that local Chapters 
ippoint a committee to make arrange 
ments where necessary for foundry 
and pattern equipment and supplies 
Patterns 
identification tags ship 


required for contestants 
blueprints 
ping and other spec ial instructions 
may be obtained from the Central 
Office 

Each Chapter is eligible to submit 
the first three local winners in each 
of the five divisions for competition 
in the national contests 


Plant Contests 


The same provisions apply with the 
following exceptions 

® All entries from plants located 
in the area where a local contest 
is held must clear through such Chap 
ter contest to be eligible for the na 


tional contest 


® Where an individual plant con 
ducts its own contest without Chap 
ter affiliation, only the first place win 
ner in each of the five divisions is 


eligible for national competition 


Robert €. ¥vnnrdy Memorial 


Apprentice Contest 
7 First Da Prize 
Awarded to 


Rooert + bomcucr 
Weed Parteramabing Diwision 


For his Enterprise “lpplcanon and Shill 
Se onder of the Boani of Directors and Cio canon Dimnen 


American Foundrypmen's Soccty 


+26 


A P Rabnsy re lll K 


Certificates awarded to apprentice contest 
winners 


Winning entries from local chapter 
contests or individual plant contests 
are to be shipped to Prof. R. W. 
Schroeder, University of Illinois, Navy 
Pier, Chicago, not to the AFS Nation 
al Office. 
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Gen. Colby Tells NEO About Metals, Missiles 


@ “An outstanding example of th 
contribution of the foundry indust: 


be 


found in the Jupiter ¢ multistage 


to the Army’s space program car 


cket—the vehicle which launched 


ill oun Explorer earth satellites 


Magnesium castings provide tl 

rt for the three upper stays 

the missile and form the hub of 

pin launcher itself. They are two 
three times as strong and rigid as 
previously used weldments Despite 


I 
t to break 


nae he said at the September meet 


igorous testing, we have 


ing 
he sé words | praise Lite fror 
man in a position to know Briga 

dier General Joseph Colby, Deputy 

Commander of the U. S. Army Ord 

nance Missile Command. The General 

arried 175 members and guests otf 

the AFS Northeastern Ohio Chapte1 

to the brink of outer space in a dyna 

nic talk on Metals and Missiles 

\ spec ial luncheon 

and press confer 

ence was set up for 

members of the 

Cleveland newspa- 

pers, radios and 

TV stations, repre- 

sentatives of busi- 

ness and industrial 

magazines, and the 

Chapter board of 

directors. General 

Colby was the hon- 

ored guest and 

spoke freely and ® 

occasionally “off 

the record” about the nation’s guided 

missile program, satellite plans, na- 

tional defense and Russian competi- 
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tion in these fie Ids 


Ace ding to the General “The 
Army's missile capabilities will be en 


hanced as the newest member of the 


Nike famil t surface-to-air weapons 
i 


the Nike Hercules. is sited around kev 


The Hercules ilready has 

index of S5 per cent and 
essfully engaged targets at al 
in excess of 100,000 ft and 
mges greater than 100,000 yards 
lo meet the threat of guided mis 
sile attack the Army Rocket and 
Guided Missile Agency has now un 


ler development the Nike Zeus, 


anti-missile missile. 


4 run down on some of the c: 
ings currently serving on missiles in 
luded l 
plumbing (aluminum alloy 356 
fittings (aluminum alloys 220-TY, al 


mag 35, 356, A-356 and various mag 


flanges for propellant 


nesium alloys 3) structural brackets 
iluminum and magnesium alloys 

1) spacers (aluminum and magnesium 
allovs and 5 valve bodies stain 


less steel tuminum alloys and 
bronze 

And what does the Army want in 
its future castings? Basically, thre 
things: 1) improved mechanical prop 
erties, especially at minus 180 C; 2 
improved casting with cheaper pat 
terns, shorter lead time and cheaper 
tooling; 3) general product improve 
ment, such as better weldability and 
greater reliability so thinner cross sec- 
tions can be depended on. 

After showing a color movie of all 
the Army missiles in action and an 
swering innumerable questions that 
were mostly “out of this world.”—J. H. 
Schaum. 


A unique casting weight guessing contest was held by the Wisconsin Chapter at its annual picnic 
All castings were bolted to the table to prevent lifting and all were painted to prevent identifica- 


tion of metal 


Canton Chapter Holds Summer Picnic 


The 15th annual chapter picnic was held at Barberton Brookside Country Club. The picnic com- 
nittee was headed by Chairman Ray Bossong, American Steel Foundries, Alliance, Ohio and Co- 
Chairman F. A. Dun, Babcock & Wilcox Co., Barberton, Ohio 


Prizes for the picnic were handled by Robert 
Epps and Pat Morgan. Stanley Zanitis was in 
charge of golf arrangements while refresh- 
ments were in charge of Charles Scoville and 
Jess Burley. 


St. Lovis Chapter 


Holds Annual Picnic 


@ Approximately 115 members and 


Included in the picnic were golf, games, re- 
freshments and food. Activities started at 
9:00 am with golf followed by a picnic at 
noon and a dinner at 5:30. A prize drawing 
was also held 


guests attended the annual picnic. 
One of the features was the foundry- 
men vs suppliers softball game, with 
the foundrymen winning. 





Northern California 
Presents Apprentice Award 


@ Conrad Rost, Empire 
Oakland, Calif., has received the 
first Andrew Ondreyco award pre 
sented to the outstanding foundry 
apprentice in the San Francisco Bay 
area. The award consists of $100 in 
cash an individual plaque and in 
inscription on a perpetual trophy to 
be kept on display at the Interna- 
tional Molders and Foundry Workers 
Union Hall. 

The award, to be an annual affair 
has been made possible by an anony 
mous donor In the honor ot Andrew 
Ondreyco who was active in the 
Bay area foundry activities and Chair- 
man of the Northern California Chap- 
ter, 1947-48. 

Sixty-three apprentices competed 
for the award based on grades in 
school work, interviews with individ 
uals and their immediate supervisors 

Judges were Clayton Russell. Phoe- 
nix Iron Works, Oakland, Calif., chair 
man of the Apprentice 
Michael Ginty, Vulcan 
Oakland, Calif.; and Lan 
H. C. Macaulay Foundry 
Calif 

Presentation of the 
Harold Hirsch American 

Steel, Oakland, Calif 
retiring President of the Northern 
California Chapter. 


Foundry 


Committee; 
Foundry, 
Currie, 


Be rke le Vv. 


ward was 
made by 


Mangane se 


Western Michigan 
Holds Annual Picnic 


@ More than 750 foundrvmen attend 
ed the annual picnic which included 
baseball, horseshoes, golf. dinner and 
entertainment. 

Chapter Chairman J. Joseph Can- 
non and Dave Jacobson were co- 
chairmen of the picnic committee. 
Others on the committee were Horace 
Deane, Gordon Robidoux, Paul Antol, 
Bernard Boelkins, Bill Tuthill, George 
Gokey, John DeGroot, Max Ryefield, 
Charlie Lundquist, Harold Westbrook 
and Ed Bumke.—Dan Connell 


A 
4 
Old timers attending the Western Michigan 
Chapter picnic were A. E. Jacobson, Sr., one 
of the founders of Grand Haven Brass 
Foundry, Grand Haven, Mich.; Burton Hanson, 
retired secretary with 50 years service with 
Challenge Machinery Co., Grand Haven, 
Mich.; and George W. Cannon, Sr., one of 


the founders of Campbell, Wyant & Cannon 
Foundry Co., Muskeqon. Mich 





CHAIRMAN 
OF THE TECHNICAL 
COUNCIL OF A.FS. 
METALLURGIST WITH 
INTL NICKEL SINCE 1922 


HAS PARTICIPATED IN MANY 
PATENTS ON FOUNDRY ALLOYS 





William |. Englehart, Cleveland District Ad- 
vertising Manager, MODERN CASTINGS, is 
now serving as Northeastern Ohio Chapter 
Publicity Chairman 


AUTHOR & 
AUTHORITY 

iN FERROUS 
AND NOW-FERROUS 











Each month the Central Indiana Chapter fea- 
tures a display of castings from the chapter 
giving members a picture of the foundry 
activities in this area. 


continued on page 106 
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IT DUMPS ITSELF 





«++ RIGHTS ITSELF 





«+ LOCKS ITSELF 


a oe rem ae 


How to cut 
scrap handling 
costs 50% 


Here's the fastest lowest cost method of 
scrap handling ever devised. Hundreds of 
industries are now using Roura Hoppers in 
stead of barrels or tote boxes to collect scrap 





metal. They're placed alongside machines or 
in strategic locations. When full, lift truck 
operator picks up loaded hopper trans 
ports it to scrap bin or freight car flips 
the latch and the hopper automatically 
dumps its load, rights itself, locks itself 
Hopper is returned to its station and operator 
is free for other work 


Segregation of scrap is simple. Hoppers can 
be marked for copper, brass, stainless, etc. 
Brings higher prices 

Roura Hoppers are made in five sizes, 4 to 
2 yard capacities. Sturdily built of ‘\_" steel 
plate with continuous arc-welded seams. Also 
available in stainless steel or galvanized. 
Mounted on live skids or a choice of wheels. 
Standard models available for immediate 
shipment from stock 


Start cutting costs now with Roura 
Hoppers. Remember 
Roura it IS a Roura 


ROURA 
Self Dumpin 


1OPPER 
. E 


1? ann 4a a enn a aE ee oe nap hg 


if it's as good as a 


HERE'S HOW to get more details about Rouro 

Self-Dumping Hoppers. Just attach this coupon to 

| your letterhead ...sign your name... and mailto... 

| ROURA IRON WORKS, INC, 

| 1414 Woodland Ave., Detroit 11, Michigan 
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ARMAND G. WINIFLELD 
DeBell & Richardson. Ine 
Hazardville, Conn 


Product Design Engineer 


9 Another new material for the 

gw Patternmaker has been created 
= reacting epoxy resins with a 
foaming agent. The result is a 
strong light-weight substitute for 
ood with exceptional dimensional 
erate and resistance to attack 
by acids, alkalies, solvents and oth- 
er chemicals. Yet in spite of its 
ugged properties the material is 
extremely easy to handle 

Tests have been made by pattern 
shops in which every tool in the 
shop from penknife to lathe or mill 
ing machine has been used with 
equal ease. In all cases it made 
no difference whether the tool was 
sharp or dull, the 
was achieved. 


Illustrations 1, 3, and 4 are pat- 
terns produced from the new mate- 
rial. Illustrations 2 and 5 are cast- 
ings made from the epoxy patterns. 

Because of its fine, uniform cellu- 
lar structure and complete freedom 
from grain eg new material can 
be carved or machined in any di- 


desired effect 


rection leaving a good surface on 
which a finishing or splining coat 
may be applied if necessary. Illus- 
tration 3 is a foamed epoxy pattern 
splined with epoxy. 

In the case of patterns for sand 
castings it is sometimes unnecessary 
to seal the porous finish on the 
pattern if a smooth as-cast finish 
is not required. 

Pieces of the plastic material can 
be cemented effectively by the use 
of epoxy or polyester cements. 
These same cements can also be 
used to fill the minute cellular cav- 


ities on the surface of a pattern 


made from foamed plastic. Plaster 


also makes a good surface coat for 


sealing pores. Almost any paint 
other than a water color can like 
wise be applied to the surface. 
Coatings can be either lightly sand 
ed or left rough. 

Room temperature properties of 
the plastic are given in the follow- 


ing table: 


Compressive 
Density Strength Modulus 
Ib/cu. ft. psi «10° psi psi 


Flexural 


Strength Modulus 


around 300 F and compressed at 
that temperature to thicknesses up 
to one-sixth of the original block 
(6-in. thickness can be compressed 
to l-in. thickness). When the part 
is cooled to room temperature it 
remains in the compressed state but 
the density has changed from its 
original density to one of, in this 
case, six times. The compressed 
shape will remain constant until the 


Heat 


Distortion 
(20 psi 


Tensile 
Strength 
x10 psi 


Shear 
Strength 
psi load) Degree F 








5 90 2.1 210 
10 260 8.0 420 
13 440 14.3 570 
20 1080 27.0 940 


Under loads at elevated temper- 
atures it exhibits a vield point 
around 212 F. At higher tempera- 
tures this material becomes rubbery 
in nature but the deformation is re- 
coverable. 

Moderate temperature changes 
and humidity do not affect dimen- 
sional stability of patterns made 
from this material. However, for 
applications which are extremely 
critical or where the material will 
be used at somewhat elevated tem- 
peratures, it is desirable to relieve 
stresses in the foam by post-curing® 
prior to final tooling, machining and 

or surface coating. Or it can be 
furnished post-cured or preshrunk 
where customer shop facilities are 
inadequate for this treatment. 

Patternmakers may be interested 
to know that this lightwe ight epoxy 

can be heated to a temperature of 


2.7 51 

8.3 180 194 
15.0 360 324 
32.0 650 


block is reheated at a temperature 
slightly over that of boiling water. 
This causes a release of the material 
and it will expand to almost 100 
per cent of its original thickness 

This thermosetting prefoamed 
epoxy material is now available in 
planks, sheets or as blocks up to 
12x24x96 in. and in densities rang- 
ing from 5 to 20 Ib per cubic foot. 

Prefoamed epoxy resin is a ver- 
satile material which should find 
numerous applications suited to the 
needs of a patternmaker, foundry- 
man artisan and engineer. 


*Preheating can be done at lower temperatures 
depending upon the thickness of the part. For 
example, a l-in. section can be preshrunk at 
250 F for 1 hr whereas a 6-in. section might 
take 9 to 12 hrs. The higher the temperature, 
however, up to 350 F, the faster the pre- 
shrinkage will occur in each section. 


B To obtain single additional copies of this 
article, circle E, Reader Service card, page 7-8. 





LINC DIE CASTINGS 


TRIM CARS AND COSTS 


Ford Motor Co. puts from 86 to 99 Ib of 
zinc into each 1958 Edsel for functional use as 
well as decoration, such as this hood ornament. 


The 1958 Edsel, demonstrates 
T the trend toward increasing use 
of zinc die castings for a variety 
of functional and decorative parts. 

According to the Ford Motor 
Co., from 86 to 99 lb of zine die 
castings are used on each of the 
different Edsel models 

Edsel engineers say that “Zinc 
die castings were chosen for rea- 
sons of economy and ease of man- 
ufacture consistent with the adapt- 


ability of zinc die castings for the 
particular function served.” 

Zinc die castings are used in 
many important functional parts 
including fuel pump, instrument 
panel cluster, door handle assem- 
blies, seat adjusting mechanism 
horn ring assembly, various brack- 
ets and handle assemblies, wind- 
shield wiper parts. The cars also 
use zinc for ornamental parts in- 
cluding the radiator grille, lamp as- 


semblies, rear seat radio speaker 
grille assemblies, and a variety of 
ornaments, trim escutcheons, name- 
plates, bezels and moulding parts 
Crank-like zinc alloy window reg- 
ulator handles are cast in multiple- 
cavity dies quickly and economi- 
cally 

Optional equipment such as pow- 
er steering, power brakes, automat 
ic transmission assemblies, heater 
and air conditioner parts all take 


Typical Zinc Die Castings in the Edsel 


Port Name 


Handle Assy., Parking Brake 
Horn Ring Assy., Blowing 
Bracket Assy., Steering Column 
Bracket, Steering Column 


Adapter, Luggage Compt. Dr. Lock Switch Mtg. 


Grille, Radiator 

Bezel Ignition Switch 

Door, Headlamp Inner 

Door, Headlamp Outer 

Lamp Assy., Rear Outer 

Lamp Assy., Rear Outer 

Lomp Assy., Rear Inner 

Lomp Assy., Rear (Station Wagon) 
Lomp Assy., Rear (Station Wagon) 
Lamp Assy., Rear Inner 

Door Assy., Courtesy Lamp 

Nut, Seat Reg. Control Switch Bezel 
Nut, Luggage Compt. Door Lock 
Handle, Top Control 

Bezel, Top Control Handle 

Spacer, Top Control Switch 

Knob Assy., Speed Warning Control 
Dial, Speed Warning Control 
Bezel, Speed Warning Control 
Cover Assy., Speed Warning Control Openirig 
Plate Front Fender Name Corsair 
Plate Front Fender Name Citation 
Plate Front Fender Name Villager 
Plate Front Fender Name Ranger 
Plate Front Fender Name Pacer 
Ornament Assy., Front Fender Side 


Lb Qty/Car Part Name Lb Qty /Car 
0.14 1 Plate Hood Top Ornament Retaining 0.032 1 
1.15 1 Ornament Assy., Hood Top 0.1744 1 
0.48 } Moulding, Hood Front 0.69 1 

1 Disc, Radio Tone Control 0.130 2 

0.0527 1 Bezel Radio Control 0.40 1 
675 2 Grille Assy., Radio Rear Seat Speaker 0.3125 1 
0.033 } Grille Assy., Radio Rear Seat Speaker 0.408 1 
1.24 2 Bezel! Assy., Parking Brake Release 0.040 1 
1.25 2 Moulding, Radiator Grille Opening Panel 0.59 2 
2.5375 2 Moulding, Instr. Panel Pad Ret. Inner 0.09 1 
2.6147 2 Extension Assy., Rear Door 6.45 2 
3.825 2 Handle Assy., Rear O/S Door 1.098 2 
5.310 2 Moulding, Quarter O/S Finish 0.18 2 
5.005 2 Cover Assy., Back-up Lamp Opening 1 
3.4943 2 Moulding, Upper Back Panel 1.667 1 
0.215 2 Handle Assy., Luggage Compt. Door 2.275 1 
Ornament, Roof Side 0.60 2 

0.0736 } Moulding, Instrument Panel Upper Covering 0.06 2 
0.14 1 Plate Instr. Panel Name Ranger 0.048 1 
0.01 1 Moulding, Instr. Panel Pad Ret. Inner 0.11 1 
0.01 } Moulding, Instr. Panel Pad Ret. Inner 0.08 1 
0.050 1 Handle Assy., Window Regulator 4 
ons ; Handle Assy., Rear Door O/S 0.670 2 
0.020 1 Letters, Body Side Edsel 0.024 10 
0.062 } Moulding Assy., Luggage Compt. Door 1,536 1 
0.1147 2 Handle Assy., Luggage Compt. Door 1 
0.1147 2 Ornament, Lift Gate 1.12 1 

: Handle Assy., Front Seat Track Adj. 1 

0.156 ? Handle Assy., Tail Gate 1.99 , 
63 grams 2 Clip Assy., Visor Arm 0.103 ) 
65 grams 2 Moulding, Luggage 2.449 1 

1 Plate Instr. Panel Name Villager 0.05 1 













advantage of zine die casting pre- 


cision, versatility, toughness and 
general economy 


Upward Trend 


In their specification and use of 
zinc, Edsel engineers are attesting 
to rapidly expanding industry ex 
perience with the material. During 
the last five years the growth in 
the use of zinc die castings by 
the automotive manufacturers has 
been spectacular. One major car 
manufacturer reported that since 
1952 their use of zine die castings 
has jumped from 32 to 59 Ib per 
car. Another manufacturer stated 
that more than 140 lb of zine were 
used in its 1957 model, and its 1958 
model Carries even more 

Decorative parts are generally 
die cast of S.A.E. zine alloy 903 
and are chromium plated, painted 
or plated and painted. Ease of pol 
ishing, painting, and availability of 
zine die castings in complex shapes 
and thin sections to close tolerances 
are among the reasons for their 
industry-wide use in appearance 
parts 

Functional parts are frequently 
cast from zinc alloy S.A.E. 925 
which is identical to S.A.E. 903 
but with copper added. Most auto 
mobile manufacturers use this al- 
loy for carburetors and fuel pumps 
where its high impact strength, low 
porosity, and good holding strength 
in tapped holes are crucial. Both 
for decorative and functional parts 
zinc die castings are designed to 
minimize machining operations 
substitute single die case pieces for 
what in another process would be 
an intricate assembly, conserve ma- 
terial and improve appearance. Re- 
sult: simplified assembly problems, 
better fits, life time durability, and 
the smooth, sleek forward look of 
today’s modern car. 
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COMPLETE is the word for it! 


A Time Tested (Since 1940) Foundry Plan- 
ning and Engineering Service to Guide Man- 
agement to PROFITABLE Operation. 

As a Foundryman, you are doubtless aware 
of the industry’s many hazards and its sensi- 
tivity to mechanical, human and economic 
elements. 

EXPERIENCE and KNOWLEDGE are 
ESSENTIAL in a business of this type, par- 
ticularly when new construction, moderniza- 
tion or expansion is planned. 


FODECO'’s staff has been built to serve the 
foundry industry in ALL of its functions. Our 


pare 


programs are engineered by men who know 
foundries. We can help you with: 
nE ee BOS De eee 


a Pee eS 


Let us inspect your plant and discuss your 
program with you, at no cost or obligation, of 
course. 


Telephone, write or wire 


(y; FOUNDRY DESIGN CO. 


FODSCO 





106 South Hanley Road ° St. Louis 5, Missouri * Telephone: VOlunteer 1-5277 
Circle No. 975, Page 7-8 
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OCTOBER 


All Canadian Foundry Conference ‘ 
Oct. 16-17 . . Royal Connaught Hotel, 
Hamilton, Ont. 


Birmingham District . . Oct. 10 ; 
Tutwiler Hotel, Birningham, Ala. . . T. 
C. Alford, Tri-State Sand Co., “Coreroom 
Practice.” 


British Columbia . . See Northwest Re- 
gional Foundry Conference. 


Canton District . . Oct. 2 . . Swiss Club, 
Canton, Ohio . . Mr. Vaughn, Wheel- 
abrator Co., “Reducing Blast Cleaning 
Costs” and Film of Shot Manufacture. 


Central Illinois . . Oct. 6 . . Vonachen’s 
Junction, Peoria, Ill. 


Central Indiana . . Oct. 6 . . Athenaeum 
Turners, Indianapolis. 


Central Michigan . . See Michigan Re- 
gional Foundry Conference. 


Central New York . . Oct. 10 . . Mark 
Twain Hotel, Elmira, N. Y. . . W. C. 
Wheadon, Syracuse University Research 
Institute, “Nondestructive Testing of 
Castings.” 


Central Ohio . . Oct. 13 . . Seneca Hotel, 
Columbus, Ohio. 


Chesapeake . . Oct. 24 . . Engineers’ 
Club, Baltimore, Md. . . G. F. Watson, 
American Brake Shoe Co., “Casting De- 
fects Caused by Sand.” 


Chicago . . Oct. 6 . . Chicago Bar As- 
sociation, Chicago . . C. A. Sanders, 
American Colloid Co., “What European 
Foundrymen Are Doing.” 


Cincinnati District . . Oct. 13 . . En- 
gineers’ Club, Dayton, Ohio . . E. F. 
Price, Dayton Malleable Iron Co., “Clean- 
ing and Finishing.” 


Connecticut . . Oct. 24 . . General 
Dynamics Corp., Electric Boat Div., Gro- 
ton, Conn., Plant Visitation. 


Detroit . . Oct. 9 . . Hotel Wolverine 
Detroit . . Ferrous Group: M. H. Horton, 
Deere & Co., “Water-Cooled Cupolas — 
Construction, Operation & Controls’; 





Non-Ferrous Group: “Lou 
Induction Melting.” 


Frequency 


Eastern Canada . . Oct. 3 Mount 
Royal Hotel, Montreal, Que E. E 
Woodliff, Foundry Sand Service Engi- 
neering Co., “Evaluation of Sand Addi- 
tives & Prope rties.” 


Eastern New York . . Oct. 21 . . Panetta’s 
Restaurant, Menands, N. ¥ 


Metropolitan . . Oct. 6 . . Essex House 
Newark, N. J G. F. Watson, American 

Brake Shoe Co., “Causes & Correction 
f Casting Defects Due to Sand 


Mexico . . Oct. 20... Av. ( hapulte pec 
$12, Mexico D.F., Mexico E. Aleman, 
Metalurgica Almena Molding Clay & 
Sands 


Michiana . . Oct. 13 . Fehlberg, 352 
Lake Shore Drive, Stevensville, Mich 

A. Dorfmueller, Jr... Archer-Daniels-Mid- 
land Co “YW hic h Core e" 


Michigan Regional Foundry Conference 
.. Oct. 15-16 . 
Ann Arbor, Mich 


University of Michigan 


Mid-South . . Oct. 10 . . Claridge Hotel, 


Memphis, Tenn 


Mo-Kan . . Oct. 3 
Kansas City, Kans 


Fairfax Airport 


New England . . See New England Re- 
gional Foundry Conference 


New England Regional Foundry Con- 
ference . . Oct. 17-18 Massachu- 
setts Institute of Technology, Cambridge, 
\lass 


Northeastern Ohio «ee Ps Tudor 
Arms Hotel, Cleveland 


Northern California . . Oct. 13 . . Red 
Rooster, Oakland, Calif . W. Franck, 
Carborundum Co., B. Christensen, Glad- 
ding McBean & Co., and R. Goodell, E. J 
Bartells Co. of Calif., “A Refractories 
Night.” 


Northwest Regional Foundry Conference 
. Oct. 31-Nov. | . Multnomah Hotel 
I ortland, Ore 
Northwestern Pennsylvania . Oct. 27 
Amity Inn, Erie, Pa. . . A. H. Hom- 
berger, International Automation Corp., 
“The ‘Buhrer’ Automated Molding & 
Pouring Method.” 


Ontario See All Canadian Regional 
Foundry Conference. 

Oregon . . See Northwest Regional 
Foundry Conference. 


Philadelphia . . Oct. 10 Engineers’ 
Club, Philadelphia . . Dr. J. Creese, 
Drexel Institute of Technology, “The 
Common Ground of Industry & Educa- 
tion.” 


Piedmont . . No Mecting. 


It used to take 
40 man hours- 
now & 

man hours 

do the job 


Frior to delivery of RB-66 type jets 
and some military turbojet trans- 
ports, Douglas makes a thorough 
check to see that no tools or loose 
items have been left that might 
cause structural damage. This means 
inspection of control surfaces and 
other areas difficult to “get at’’-—a 
job that took 40 man-hours even 
for the relatively small RB-66's 








Now, using Kodak Industrial 
X-ray Film, Type AA, and a 
Douglas-designed mobile x-ray unit, 
the work is cut to 8 man-hours. 

This faster film permits areas of 
as much as 10 sq. ft. to be inspected 
with one exposure—with the x-ray 
tube as much as 15 ft. from the sur- 
face—and with “quartered” expo- 
sure time. 





Easy to see how Kodak Industrial 
X-ray Film, Type AA, can save time 
and speed up routine examinations 
It also extends the service of present 
radiographic equipment and pro- 
duces quality results 

Have your Kodak x-ray dealer or 
Kodak Technical Representative 
show you what this film can do to 
lower costs, speed your operations. 


EASTMAN KODAK COMPANY, X-ray Division, Rochester 4, N. Y. 


Read what the new Kodak Industrial X-ray Film, Type AA, does for you: 


¢ Reduces exposure time—speeds up routine 


examinations. 


e Provides increased radiographic sensitivity 
through higher densities with established 


exposure and processing technics. 


e Gives greater subject contrast, more detail 
and easier readability when established 


kilovoltage. 


exposure technics. 


exposure times are used with reduced 


e Shortens processing cycle with existing 


© Reduces the possibility of pressure 


conditions of use. 


Circle No. 976, Page 7-8 


desensitization under the usual shop 
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Pittsburgh Oct. 20 . . Hotel Webster 
Hall. Pittsburgh Pa QM. ¢ Bueg 
Arrow Pattern & Engineering Co Pat 
tern Epoxy 


Purdue Metal Castings Conference 


Oct. 30-31 . . Purdue University, Wes 
Lafayette, Ind 

Quad City . . Oct. 20 . . LeClaire Hotel 
Moline, Ill M. Bock, Exomet, In 


‘Exothermic & Insulating Materials 


Rocheste: Oct. 7 . . Manger Hotel 
Rochester, N. ¥ 

Saginaw Valley . Oct. 2 Fischer's 
Hotel, Frankenmuth, Mich W G 


Gude, Penton Publishing Co., “The Fu- 
ture of the Foundry Industry 




















Unground Sand 4098 = «4085-4060 «Ss «40402 4030 4020s“ 5040) 5030 = 5025 f- St. Louis . . Oct. 9 . . Edmond’s R 
Set cn 20 Mash 22 ie taurant, St. Louis R. L. Gilmore, 
Thru 20 ret on 30 38.6 12.4 5.6 0.6 0.4 0.4 Superior Steel & Malleable Castings Co 
Thru 30 ret on 40 57.6 70.8 56.2 37.2 30.2 21.2 4.0 1.2 0.6 “Casting Design 
Thru 40 ret on 50 1.4 16.3 348 52.0 55.8 51.4 34.8 30.4 23.8 
— 4 ret on aA 0.2 0.5 a o. 72 ty ree: a < Southern California . . Oct. 10 Rodger 
ru ret on 1} . . 4.4 . 6.4 Young Auditorium, Los Angeles 4. B 
_ | oo “4 a 0.2 0.4 bang = 44 4 DeRoss, Kaiser Aluminum & Chemical 
Thru 200 ret on 270 0.2 Sales, Inc., “Kaiser Aluminum’s New Al- 
Grain Fineness (AFS 25.88 30.49 33.72 37.48 38.82 42.22 49.96 51.64 56.90 loy X-357 
Tennessee . . Oct. 24 . . Patten Hotel, 
Unground Sand 5015 5010 5005 7030 7020 7010 c-30 c-10 Chattanooga, Tenn. . H. J Weber. 
Ret on 20 Mesh AFS, “Impact of Air Pollution Laws 
Thru 20 ret on 30 ‘ n Foundries.” 
Thru 30 ret on 40 1.2 0.4 0.2 0.2 0.2 i 
Thru 40 ret on 50 15.2 11.2 44 3.0 2.4 0.4 bes. " : 
Thru 50 ret on 70 40.2 35.2 31.2 26.2 18.0 8.2 0.4 0.2 = Texas . . Oct. 17 . . Texas Hotel, Ft 
Thru 70 ret on 100 35.4 37.4 41.2 42.0 45.0 46.6 28.4 8.4 ’ Worth, Texas J. Dee, Dee Brass 
™ Thru 100 ret on 140 6.4 10.8 15.4 16.4 20.0 23.2 448 50.2 Foundry, Moderator, Panel Discussion 
Thru 140 ret on 200 1.2 4.0 5.6 9.6 11.0 15.4 18.8 28.2 “Non-Ferrous Practice.” 
Thru 200 ret on 270 0.4 0.8 1.4 1.8 2.4 42 5.0 8.8 
Thru 270 ret on 325 0.2 0.6 0.8 1.0 2.0 2.6 4.2 Timberline . . Oct. 13° . Oxford Hotel 
Grain Fineness (AFS) 60.20 66.92 73.92 79.36 8442 95.44 108.22 124.60 Denver, Colo. . . Officers’ Night 
Ground Sand (Flour) 80M 100M 140M 200M 300M 325M 400M Toledo . Oct. 1 . . Heather Downs 
Ret on 60 Mesh 10/20% Country Club, Toledo, Ohio D. I 
Thru 60 ret on 100 25/30% 5% Colwell, Apex Smelting Co., “Die Cast 
Thru 100 ret on 140 15/20% 14% 4% 1% eURE > ing & Permanent Mold Advances.” 
Thru 140 ret on 200 10/15% 16% 6% 4% 2% Trace (4 ' alte 
Thru 200 mesh 25/40% XY wk pROK<6 4 ‘eee 
Thru 200 ret on 270 10% 12% 6% 2% 0.5% Trace Tri-State . . Oct. 10 . . Wilder's Res- 
Thru 270 ret on 325 12% 8% 9% 1% 4.5% 2% o Stet ub ianicdcund $ taurant, Joplin, Mo 
Thru 325 mesh 43% 70% 80% 85% 95.0% 98% 








win City . . Oct. 14. . Jax Restaurant 
Minne ipolis M. P Schroeder Prospe t 


FINE SHELL MOLDING SANDS Foundry ( Dee E, E Perkins, Northern 
STANDARD CASTING SANDS — BLASTING SANDS Malleable Iron Co., J. Wallfred, Minneap- 
SILICA FLOUR — LIGHT METAL CASTING GRADES olis Electric Steel Castings Ci ind ( 
W. Sundberg, Minneapolis Electric Steel 





Wedron offers you a complete line up of casting one of the purest silica sand deposits in the Castings Co., Moderator, “CO2 Sympo- 
sands — anything needed for every casting need! nation). Second is the modern, completely sium.” 

This means you get the advantages of one source equipped Wedron plant, which turns out a supe- 

of supply for all the sand you need — sand of the rior silica product and makes all grades available. Utah . . Oct. 6 . . Provo, Utah R. J 
highest quality, too. Look to Wedron for the complete line of quality nO co Race ted a a 


Now this Wedron quality stems from two casting sands. 
factors. First is the naturally rounded grain sand 
of the Ottawa-Wedron district (this is held to be 


Analysis.” 





Washington . . See Northwest Regional 
Foundry Conference 


Western Michigan . . Oct. 6 . . Spring 
Lake Country Club, Spring Lake, Mich. 


S L C a Western New York . . Oct. 3 . . Hotel 
COM PA N Y Sheraton, Buffalo, N. Y. . . W. J. Ma- 


196 Gout tAGAMAE S0RERT CINCAGO 3. KLNDE honey, Senior State Senator. State Leg- 
islation Benefiting the Foundry Industry. 


MINES AND MILLS IN THE OTTAWA-WEDRON DISTRICT 
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Wisconsin . . Oct. 10 . . Schroeder Hotel 
Milwaukee W. G. Ferrell, Auto Spe- 
cialties Mfg. Co ‘The Future of the 
Foundry.” 


NOVEMBER 


Birmingham District . . Nov. 14 
Jefterson Davis Hotel, Anniston, Ala 


British Columbia . . Nov. 21 . . Leon’s. 
Vancouver, B. ( D. L. Colwell 
Apex Smelting Co., “Die and Permanent 
Mold Casting.” 


Canton District . . Nov. 6 . . American 
Legion Hall, Massillon, Ohio D. E 
Krause, Gray Iron Research Institut 
“Research in the Foundry 


Central Illinois . . Nov. 3 
Legion Hall, Peoria, III 


Central Indiana . . Nov. 3 
Purners, Indianapolis 


Athenaeun 


Central Ohio . . Nov. 10 . . Seneca 
Hotel, Columbus, Ohio 


Chicago . . Nov. 3... Chicago Bar 
Association, Chicago Ferrous Group 
“Basic Quality Control Non-Ferrous 
Group: Panel “Foundry Scrap—Causes 
nd Cures”; Pattern Group: Z. Madacey, 
Beardsley & Piper Div., Pettibone Mulli 
ken Corp., “Core Blowing.’ 
Metropolitan .. Nov. 3... Essex Houss 
Newark, N. J C. A. Sanders, Amer 
can Colloid Co., “What European Found- 
ries Are Doing 


Mo-Kan . . Nov. 7 .. Fairfax Airport, 
Kansas City, Kans 


Piedmont . . Nov. 7 John Marshall 
Hotel, Richmond, Va D. L. LaVelle, 
American Smelting & Refining Co., 
“Aluminum Casting Defects & Their Cor- 
rection 


Rochester . . Nov. ll . 
Rochester, N. Y 


. Manger Hotel 


Saginaw Valley . . Nov. 6 . . Fischer's 
Hotel, Frankenmuth, Mich Ferrous 
Group: H. H. Wilder, Vanadium Corp., 
“Practical Inoculation of Gray Iron’; 
Non-Ferrous Group J. Chini, Sperry 
Gyroscope Co., “High Quality Molding 
Processes’: Steel G roup H F. Bishop, 
Exomet, Inc., “Gating & Risering of 
Steel”; Permanent Mold & Die Casting 
Group: J. Atols, Atols Tool & Mold 
Corp., “Shaw Process.” 


Twin City .. Nov. 18. . Jax Restaurant, 
Minneapolis . . Joint Meeting with Ameri- 
can Society for Metals. 


Utah . . Nov. 12 . . Salt Lake City 
D. L. Colwell, Apex Smelting Co., “Dic 
and Permanent Mold Castings.” 


Western Michigan . . Nov. 3. . Elks 
Club, Ludington, Mich. 


Western New York . . Nov. 7 . . Sheraton 
Hotel, Buffalo, N. Y. . . O. J. Myers, 
Reichhold Chemicals, Inc., “Self Curing 
Oils.” 


Schroeder 
. Sectional Meeting. 


Wisconsin . . Nov. 14 
Hotel, Milwaukee . 


REDUCE 
YOUR 
COSTS 


ALUMINUM EASY-OFF FLASK 


CHERRY EASY-OFF FLASK 





ADAMS Cast Iron or 


Cast Aluminum Jackets 


Look at these features and MUM STRENGTH with 
you'll agree that the Adams MINIMUM WEIGHT. 

line can mean economy, effi- Here are jackets that as- 
ciency, and better molds for Sure you perfect mold fit— 
vour foundry. will give you the greatest 
, strength while under pouring 
strain—allow for free flow of 
gases all because of INSIDE 
CORRUGATIONS. These 
VENTILATED jackets are 
first choice in foundries across 
the nation. 

Look into the advantages 
cast iron or cast aluminum 
can offer you depending upon 
your foundry needs. We will 
be happy to make recommen- 
dations to fill your require- 
ments. 


Above is the Adams jacket 
available in either cast iron or 
cast aluminum, They are cast 
from a top grade metal mix- 
ture best suited for their 
purpose. The sturdy construc- 
tion as a result of the vertical 
ribs inside and_ horizontal 
ribs outside plus the handles 
at either end assure you of 
long life for this equipment 
and ease in handling. These 
jackets afford you MAXI- 


For the most complete line of flask 
equipment available . . . always look to Adams! 


The ADAMS Company 


Dubuque, lowa 


1883 75 years of progress 1958 
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better chille 
iron abrasives 
»»and why 


We have specialized in the manutacture of metal abrasives since 1888 
We have “grown up’ with their expanding use. Such long contact 
with their production and use has given us unequalled know-how 
and experience in their manufacture 


A continuous program of research tor the improvement of metal 
abrasives has been carried on with one of America’s foremost metals 
research organizations since 1937 


We employ the most modern techniques in melting and processing 
to produce metal abrasives to exacting standards of chemistry, hard- 
ness, toughness and uniformity of these elements from one lot to 
another. It is more than significant that the two largest manufacturers 
of blast-cleaning equipment in the world sell and recommend Samson 
Shot and Angular Grit for best results in their equipment. 


MALLEABRASIVE 
Shot and Grit 






LEADERS in development of 
PREMIUM-TYPE ABRASIVES 


The two best known names in premium 
abrasives were developments of two of our 
subsidiarics’ MALLEABRASIVE, the first 
malleablized type of metal abrasive ever pro 
duced, set the pace tor development of all 
other makes of premium abrasives. TRI 

STEEL Shot was the first high-carbon all 
steel shot produced to meet demand for this 


specialized type of abrasive 
i pe 
A, One of these products may do your blast-cleaning 
TRU-STEEL Job better, and at lower cost. Write us for full 
information 
Shot 


PITTSBURGH CRUSHED STEEL CO. 


Arsenal Sta., Pittsburgh 1, Pa. 


Subsidiaries: - - - 
The Globe Steel Abrasive Co., Mansfield, O. (Malleabrasive) 
Steel Shot Producers, Inc., Arsenal Sta., Pittsburgh (Tru-Steel) 
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C. A. Haag . has been appointed 
by Ainsworth-Precision Div., Harsco 
Corp., Detroit, to head its Eastern 
Division’s production facilities. He has 
been with the company and its prede 
cessor firm, Precision Castings Co. 
for 33 years, beginning as a die shop 
apprentice, and advancing to his for- 
mer position as ¢ hief engineer. 


C. R. Gebel . . . sales representative 
in the Pittsburgh area for Electrode 
Div., Great Lakes Carbon Corp., New 
York, is now manager of the com- 
pany’s new branch in Pittsburgh. A 
member of the American Institut 
t Mining & Metallurgical Engineers 
Inc., he joined his present company 
1954 as sales representative. 


J. W. Harr replaces J. H. Har- 
rington as assistant-regional manage! 
at Chicago for the Pure Carbonic 
Co., New York. Harrington has been 
transferred to the eastern region. Harr 
joined Pureco in 1952 and has been 
warehouse manager in Cleveland and 
Detroit 


W. P. James technical manager, 
WaiMet Alloys Co., Detroit, addressed 
the Investment Casters Society of 
California. His topic was “The Appli- 
cation of Vacuum Induction Melting 
and Casting to the Investment Casting 
Process.” The vacuum melting tech- 
nique has been widely used in re 
search efforts to obtain high purity 
metals and alloys for study of prope 
ties. James specialized in the develop 
ment of high-temperature alloys and 
special high-vacuum furnaces for proc- 
essing the alloys. 


R. A. Lowe ... is the new sales man- 
ager, Baldwin-Lima-Hamilton SR-4 
Products Group, according to a re- 
lease from the company’s Electronic 
& Instrumentation Division in Wal- 
tham, Mass. He will be responsible 
for the marketing of SR-4 strain gag- 
es, transducers, instrumentation and 


systems. 


A. M. Klinger . . . who served as sales 
manager for Ingersoll Kalamazoo 


Div., Borg-Warner Corp., Kalamazoo, 
Mich., has been named the company’s 
sales manager of materials handling 
products He will be responsible tor 
the entire field-sales force. 


R. P. Dunn. . . has left U. S. Re 
duction Co., East Chicago, Ind., 
where he served as director of met- 
allurgy, to accept employment with 
Lindberg Melting Furnace  Div., 
Lindberg Engineering Co., Chicago. 





Te? 


R. P. Dunn 


He is the new technical director for 
the company, and will be in charge 
of technical development of the firm’s 
line of melting and holding furnaces 
for aluminum, brass, bronze, tin and 
other non-ferrous metals. Dunn is cur- 
rently secretary, Executive Committee, 
Die Casting and Permanent Mold 
Div., American Foundrymen’s Society. 
L. A. Shea has been appointed district 
ales manager of the company’s Penn- 
sylvania office. 


B. M. Ronay . . . is the new consultant 
in welding technology to Gulton In- 
dustries, Inc., Metuchen, N. J. Ronay’s 
services will concentrate chiefly on 
welding research of the company’s 
Advanced Development and Systems 
Dept. The Secretary of the Navy 
appointed him to his previous posi- 
tion, held 25 years, as superintend- 
ent of the U. S. Naval Experiment 
Station, Annapolis, Md. He holds over 
25 patents in his specialty and is the 
recipient of the Distinguished Merito- 
rious Award from the American Weld- 















ing Society for his outstanding work 
during the past 35 years. 


William Rosenquest . . . has joined 
the metal sales staff, New Jersey Zinc 
Co., New York. He will sell the com- 
pany’s slab zine, zine alloys, rolled 
zinc and metal powders. 


H. R. Hiller . . . has been appointed 
assistant district sales manager of 
Harbison-Walker Refractories Co., 
Pittsburgh, Pa., Chicago district. Hill- 
er has been in refractories sales work 
for more than 30 years and joined 
this company in 1955. 


R. L. Kulp . . . former chief drafts- 
man, has been named sales engineer 
for Reading Crane and Hoist Corp., 
Reading, Pa. He has been with the 
company since 1923 and will cover 
sales area east of the Mississippi. 


Robert Williams . . . former works 
manager, Gardner-Denver Co., Quin- 
cy, Ill., has been promoted to gen- 
eral plant advisor. A. J. Kathmann, 
assistant works manager, will take his 
place. G. A. Schumacher, formerly 
superintendent of LaGrange, Mo. 
foundry, became manager of foundry 
operations, with headquarters in 
Quincy. His former position will be 
filled by E. J. Brown. J. A. Van Doorn, 
in addition to his duties as manager 
of facilities, has also been placed in 
charge of Gardner-Denver’s mainte- 
nance divisions. 


J. A. McGuire . . . has been elected 
executive vice-president, Thor Pow- 
er Tool Co., Chicago, to share a twin 


office with W. A. Nugent who has 


held a similar position for the past 
10 years. J. A. Lind, officer for 16 
years and currently treasurer and 
vice-president in charge. of finance, 
was elected a director. N. C. Hurley, 
Jr., president, stated: “McGuire, who 


as vice-president for five years, has I 
handled the company’s labor policy | 


and other executive functions, will 
work largely with integrating the 
company’s five subsidiary plants. 


P. P. Waldeck . . . export manager, 
Shallway International Corp., Palo 
Alto, Calif., foreign marketing consul- 
tants, is on a two-month Latin Amer- 
ican tour. Objective of trip is to 


select distributors for clients. His com- | 


pany manufactures refractory guns 
for patching and lining foundry cu- 
polas, shell molding equipment and 
supplies and other technically ad- 
vanced foundry equipment. 
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KOLD-SET 


els 
PITTSBURGH 
STEEL FOUNDRY 


Pe TTSBURGH 
“STEEL FOUNDR 


x. CORPORATION 2 


CORE-MAKING TIME REDUCED 
FROM 78 TO 10 MAN HOURS 
ON 90,000 POUND CASTINGS 


A further savings: No rough cleaning 
required—compared to 40 hours with con- 
ventional sand cores. 


COMPLETELY X-RAYED 


A further savings: No rough cleaning required 
compared to 60 hours with conventional sand 
cores. 


The above 8’ by 14’ booster casting has an 88" 
diameter discharge opening with metal sections 
from 5” to 17’’. 20 tons of Kold-Set sand are 
used in making the cores. Among the other 
advantages are less metal penetration and cleaner 
casting surfaces. 


Measuring 4’ high and 15’ wide, the above 
core is used in making a gas transmission 
line booster casting. The completed steel 
casting has metal sections 8’’ to 10” and free 
of metal penetration. Cores are made with 6 
tons of Kold-Set sand and are double-coated 
before baking with Zircon Wash. 


OFS De.) 8 i > Be Oni On 








FORWARD DUMP BARROWS 
for FOUNDRIES 















No. 102-A Barrow. Single steel wheel 
with 2” face, 16” diameter and 12 spokes. 














No. 113-A 
Barrow. Two 
steel wheels 
with 2” face, 
18” diameter 
and 10 spokes. 


Here are two well-balanced charging Wheel- 
barrows for heavy duty foundry service. 
Handle loads up to 100C lbs. Sturdy, welded, 
all-steel construction. Single wheel or double 
wheel. Available with zero pressure cushion 
type wheels or 4 ply pneumatic tired wheels 
with roller bearings. Immediate shipment. 


STERLING NATIONAL INDUSTRIES, Inc., Milwaukee 14, Wis., U. S. A. 


Founded 1904 as Sterling Wheelbarrow Company -—27 


erlits 
FOUNDRY EQUIPMENT 
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Write for literature 















You can 
rely on 
“*KOOLHEAD” 
and 
“STANHO” 
products 






hill Nails and Spiders 


vee ; sTEet 
ACCURATELY 
CONTROLLED 
FOUNDRY 
CHILLING 
























“WOODRUFF KEYS 
“MACHINE KEYS 
“MACHINE RACK 
“TAPER PINS 
“COTTER PINS 
“SPECIAL PARTS 


and other Stanho products 
x Bulk or Packaged 











Write for 
samples and 
prices 


Choose any Z Zz 
style from Jumbo to Stubby; = 


Peete OTA NAARD 


blunt, pointed, straight or 90° bent. 
HORSE NAIL 





WRITE for CATALOG 
and PRICES 


There's a type and size Koolhead 
Chill Nail or Spider Chill to do 
your specific chill job best. 
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Foundry operations . . . in large perma- 
nent mold and die casting foundry de- 
scribed in brochure. Monarch Aluminum 
Mfg. Co. 

Circle No. 942, Page 7-8 


Blasting machines portable, 100- 
1200-lb capacities, covered in brochure. 
Brennen, Bucci & Weber, Inc. 

Circle No. 943, Page 7-8 


C-clamp . . . with new design including 
swivel pads guaranteed never to come 
off. Catalog available. Use circle num- 
ber below. Wilton Tool Mfg. Co. 

Circle No. 944, Page 7-8 


Conveyor belt fastening, features 
counter-sunk design. Described in bul- 
letin. Crescent Belt Fastener Co. 

Circle No. 945, Page 7-8 


V-belts . . . sectional type, designed for 

easy installation on V-drives of any 

length—details in booklet received by 

using circle number. R & J. Dick Co. 
Circle No. 946, Page 7-8 


Micro scale . . . permitting quick, ac- 
curate settings for dividers, trammels or 
compasses—demonstrated in brochure. 
Trico Machine Products Corp. 

Circle No. 947, Page 7-8 


Surface coating . . . guards castings or 
equipment against destruction by acids 
and caustics. Illustrated in folder. Halle- 
mite Mfg. Co. 

Circle No. 948, Page 7-8 


Compressed air . . . dryers, heatless, 
self-activating models described in 12-p 
bulletin. Designed to prevent moisture 
fouling of molds, furnaces, etc. Van 
Products Co. 

Circle No. 949, Page 7-8 


Hydraulic boom . . . unit with 2500-lb 
capacity. Features telescoping construc- 
tion. Request 4-p folder. Vanguard En- 
gineering Co. 

Circle No. 950, Page 7-8 


Roof coating . . . fibreglass material for 
coating effective at temperatures to 140 
F. Applications illustrated in 4-p folder. 
Garland Co. 

Circle No. 951, Page 7-8 


Powdered acid inhibitor . . . described 
in technical bulletin. Reportedly effec- 
tive with ferrous and non-ferrous alloys. 
Sole Chemical Corp. 

Circle No. 952, Page 7-8 





Build an idea file for plant improvements. 
Reader Service Cards, page 7-8 
will bring more information .. . 





the asking 


Spray-lubricate . . . unit for use on dies, 
molds, hammers, etc., presented in fold- 
er. Renite Co. 

Circle No. 953, Page 7-8 


Vacuum melting . . . furnace, melt ca- 
pacity of 50 Ib, described in data sheet. 


F. J. Stokes Corp. 
Circle No. 954, Page 7-8 


Lubricants . . . solid film type, described 
in catalog. Includes eight lubricants and 
their applications. Electrofilm, Inc. 

Circle No. 888, Page 7-8 


Manifolds . . . for distributing gases such 
as COz. Request 20-p catalog. Air Re- 
duction Sales Co. 

Circle No. 889, Page 7-8 


Magnet pulleys . . . for scrap or cast- 
ings separation in belt-conveyor system. 
Booklet mailed on request. Stearns Mag- 
netic Products. 

Circle No. 890, Page 7-8 


Electrical trolley . . . system said to pro- 
vide 100 per cent safety described in 
bulletin detailing components and acces- 
sories. U-S Electric Mfg. Co. 

Circle No. 891, Page 7-8 


Electric trucks . . . designed for narrow- 
aisle operations presented in bulletin. 


Raymond Corp. 
Circle No. 892, Page 7-8 


Grinding and polishing . . . equipment 
illustrated in handy “pocket edition” 
booklet. Grinding & Polishing Machinery 
Corp 

Circle No. 893, Page 7-8 


Table positioning . . . automatically, for 
speeding operations such as drilling, 
welding, etc.—described in folder. Elec- 
tronic Control Systems, Div. Stromberg- 
Carlson. 

Circle No. 894, Page 7-8 


Presser boards . . . made of cherry lum- 
ber pictured in bulletin. Said to pay 
for themselves in castings they save. 
Adams Co. 

Circle No. 895, Page 7-8 


Microstructure . . . of gray iron castings 

illustrated in 12-p booklet showing micro- 

graphs of castings with from 31,500 to 

63,000 psi. To obtain circle number be- 

low. Herbert A. Reese & Associates. 
Circle No. 896, Page 7-8 


Crane scale . . . hydraulic, for capaci- 
ties, 1000-20,000 Ib, featured in 4-p 


bulletin. Eliminates need for central 


weighing station. Martin-Decker Corp. 
Circle No. 897, Page 7-8 


Materials handling . . . manual equip- 
ment standards (three new ones) avail- 
able. Platform trucks, all-rubber wheels 
and semi-pneumatic tires. Caster and 
Floor Truck Mfg. Assoc. 

Circle No. 898, Page 7-8 


Plastic refractory . . . reportedly slag- 
resistant illustrated in 4-p bulletin. Pro- 
tects ladles, spouts and cupolas. North 
American Refractories Co. 

Circle No. 899, Page 7-8 


Shaw Process . . . explained in bulletin 
which illustrates applications of precision 
casting technique. Shaw Process Devel- 
opment Corp. 

Circle No. 900, Page 7-8 


Drum lift . . . unit, one-man operation, 
portrayed in bulletin. Sterling, Fleisch- 
man Co. 

Circle No. 901, Page 7-8 


Work gloves . . . utilizing rubber in vari- 

ous forms to facilitate gripping illustrat- 

ed in booklet. Hood Rubber Co. 
Circle No. 902, Page 7-8 


Materials handling . . . equipment, de- 
scribed in 21-p booklet. Illustrates mate- 
rials handling in plant. Berger Div., 
Republic Steel Corp. 

Circle No. 903, Page 7-8 


Machine welding . . . department func- 
tion and services outlined in 6-p bro- 
chure. Air Reduction Sales Co. 

Circle No. 904, Page 7-8 


Ultrasonic cleaning . . . applications and 
principles explained in 24-p booklet. 
Branson Ultrasonic Corp. 

Circle No. 905, Page 7-8 


Storage problems . . . solved in well- 
illustrated folder. Features stock storage. 
Jarke Mfg. Co. 

Circle No. 906, Page 7-8 


Electrode . . . positioning, accomplished 
automatically. Illustrated in 8-p booklet 
featuring electrode arms and clamps. 
Whiting Corp. 

Circle No. 907, Page 7-8 


Pipe . . . specification sheet covers A.S. 
T.M. specifications relative to testing, 
weight, diameter, thickness and other 
stipulations. Crane Co. 

Circle No. 908, Page 7-8 


Floor patch . . . material for concrete 
floors described in 2-p bulletin. Walter 
Maguire Co. 

Circle No. 909, Page 7-8 


Industrial tool . . . catalog with illustra- 
tions and specifications for company’s 
portable and air tool equipment. Thor 
Power Tool Co. 

Circle No. 910, Page 7-8 


Front-end loader . . . details in brochure, 

with line drawing pointing out features 

and advantages. Frank G. Hough Co. 
Circle No. 911, Page 7-8 


Lift truck . . . bulletin. Designed for 
all-pupose, full-time foundry use, unit 
said to provide new low in mainte- 


Dexocor yields top results with all ramming processes. 


save Up To 00% 


Use Dexocor binder, the amazing new 
binder for sand molds. Field reports 
show this dry replacement for core oil 
cuts baking time 30 to 50 percent!* 
Savings of fuel dollars and more flex- 
ible production scheduling are only two 
of Dexocor’s advantages. Among its 
other features are: faster mulling. ..low 
gas generation... excellent green strength 
..high baked strength...uniform density 
..easy shake-out...ready collapsibility. 

Whether you make small or large 
castings, simple or intricate, you will 
profit by the properties of Dexocor. One 
foundry now uses it in 19 different sand 
and core mixes! 

For the full facts on this amazing new 
binder and technical assistance in adapt- 
ing it to your special needs, contact our 
nearest sales office or write direct. 


*Source on request 


DEXOCOR binder 


DEXOCOR?® is the perfect teammate for MOGUL® and KORDEK® binders and GLOBE® dextrines 


= CORN PRODUCTS SALES COMPANY - 17 Battery Place, New York 4, New York 


eeee” 
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INDIANAPOLIS 
FOUNDRY COKE 


Standard of 
Quality 


For maximum efficiency and 
exceptional economy rely on 
Indianapolis foundry coke. 


Uniform structure, size and controlled coking temper- 
ature assures that “Indianapolis Quality.” 


For details see our Buyers Guide. 


Hickman, Williams co Oroy 
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nance. Beardsley & Piper Div., Pettibone 
Mulliken Corp 
Circle No. 912, Page 7-8 


Cobalt-base alloys . . . properties ds 

scribed in two booklets. Alloys used 

mainly for investment castings. Haynes 

Stellite Co., Div. Union Carbon Corp 
Circle No. 913, Page 7-8 


Hand lift . . . truck bulletin features se- 

lector chart designed to facilitate selec- 

tion of proper unit for specific opera- 

tions. Lewis-Shephard Products, Inc. 
C'rcle No. 914, Page 7-8 


Pearlitic malleable . . . castings bulletin 

describes properties and lists specifica- 

tions. American Malleable Castings Co 
Circle No. 915, Page 7-8 


Monolithic refractory material for 

construction of walls and arches with- 

out forms graphically portrayed in bro- 

chure. Refractory & Insulation Corp. 
Circle No. 916, Page 7-8 


Indicating controlling . . . pyrometer bul- 

letin, 6 pp, explains operation, lists 

specifications and gives wiring diagrams. 

Illinois Testing Laboratories, Inc. 
Circle No. 917, Page 7-8 


Technical publications . . . catalog out- 
lines books and manuals which include 
techniques and processes pertinent to 
the metalcastings industry. American 
Foundrymen’s Society. 

Circle No. 918, Page 7-8 


Die casting . . . alloys covered in revised 
bulletin listing properties of aluminum, 
magnesium and zinc alloys. Apex Smelt- 
ing Co. 

Circle No. 919, Page 7-8 


Flame-cutting . . . folder, 12 pp, de- 
scribes how the proper nozzle selection 
and construction can greatly reduce cost. 
Linde Co. 

Circle No. 920, Page 7-8 


Non-ferrous . . . casting folder describes 
company’s facilities and services, Small 
and medium castings produced in job 
lot and mass production quantities. Non- 
Ferrous Casting Co. 

Circle No. 921, Page 7-8 


Compressors . . . heavy-duty, high pres- 
sure, stationary type, featured in 8-p 
bulletin. Joy Mfg. Co. 

Circle No. 922, Page 7-8 


Industrial insulations . catalog pre- 
sents properties and specifications of 
complete line in 20-p booklet. Baldwin- 


Hill Co. 
Circle No. 923, Page 7-8 


Materials handling . . . system engineered 
for flexibility to meet changing in-plant 
operations. Illustrated and described in 
case-history report. Elwell-Parker Elec- 
tric Co. 

Circle No 924, Page 7-8 


Metal castings . . . uses and advantages 
pointed out in question and answer 
form in 28-p booklet covering malleable 
iron, pearlitic malleable iron, gray iron, 


MEASURE 
TEMPERATURES 
ACCURATELY 


FAST 


with 
the improved 


PYRO 
OPTICAL 
PYROMETER 


The only self- 
contained direct- 
reading optical 
pyrometer for quick 
temperature read- 
ings of molten iron, 
Steel, monel, etc. 





Send for FREE catalog No. 85. 
and 
the NEW! 


PYRO 
IMMERSION 
PYROMETER 


Quickly gives 
precise tempera- 
tures of molten 
non-ferrous metals. 
Thermocouples in- 
terchanged instant- 
ly. Ranges from 
1000° to 2500°F. 


Send for FREE catalog No. 155 


YROMETER 














INSTRUMENT 
CoO., INC. 


BERGENFIELD 10, NEW JERSEY 
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aluminum and magnesium. Dayton Mal- 
leable Iron Co. 
Circle No. 925, Page 7-8 


Foundry flasks . . . selection and mainte- 
nance covered in 24-p booklet. Sterling 
National Industries. Inc. 

Circle No. 926, Page 7-8 


Sand cooling . . . problem presented and 

solution offered in pamphlet. Beardsley 

& Piper Div., Pettibone Mulliken Corp. 
Circle No. 927, Page 7-8 


Roller chain . . . engineering data book, 
154 pp, said to be most comprehensive 
ever written on precision steel roller 
chains and sprockets. Link-Belt Co. 

Circle No. 928, Page 7-8 


Epoxy compounds . . . announced in 3-p 
bulletin. Liquid epoxy-base resins can 
be used with standard hardeners. Hough- 


ton Laboratories, Inc. 
Circle No. 929, Page 7-8 


Electric vibrators . . . with variable con- 

trol of power explained in 12-p_bro- 

chure. Applications shown. Syntron Co. 
Circle No. 930, Page 7-8 


Ball-bearing trolleys . . . booklet con- 

tains 20 pp of data on types and sizes 

of trolleys available. Link-Belt Co. 
Circle No. 931, Page 7-8 


training films 


@ The following list of motion pictures 
and film strips will prove useful in edu- 
cating your personnel to better perform 
their jobs. Circle the appropriate num- 
ber on the Reader Service Card (page 
7-8) for complete information regarding 
these films. Items indicate whether films 
are available free of charge, by rental or 
by purchase only. 


Pointing the Way . . . Concentrates on 
production of investment castings for air- 
craft and industrial applications. Sixteen 
mm, color, sound, 20 min, free. Misco 
Precision Casting Co. 

Circle No. 932, Page 7-8 


Of Time and Salesmen . . . Illustrates 
importance to salesman of making the 
best possible use of his selling time, 
outlining a plan. Sixteen mm, sound, free. 
Dun & Bradstreet, Inc. 

Circle No. 933, Page 7-8 


Mold and Core Ventilation . . . One of a 

series of films covering foundry technique. 

Thirty-five mm filmstrip, black and white, 

rental. Educational Productions, Ltd. 
Circle No. 934, Page 7-8 


Let’s Face It . . . Two films designed to 
stimulate discussion on the importance 
of good employer-employee relations, em- 
phasizing intelligent cooperation. Sixteen 
mm, sound, 2 reels, 30 min, rental. 
American Economic Foundation. 

Circle No. 935, Page 7-8 


Target: U.S.A. . . . Plant defense and 
protection in this atomic age are out- 
lined for management. Demonstrates what 
to do and how to do it. Sixteen mm, black 
and white or color, sound 20 min, 2 reels, 
rental. Cornell Film Co. 

Circle No. 936, Page 7-8 
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Valuable asset... ACCESSIBILITY 


One of our most prized “posses- 
sions” is our accessibility—the stra- 
tegic locations of Semet-Solvay’s 
coke plants and coal mines. 

A glance at the accompanying 
map will show you exactly how 
close you are to a supply of high 
quality Semet-Solvay Coke. Chances 
are that one of our plants or sales 
offices is in your “backyard.”’ Hence 
it follows that you can be assured of 
a convenient, dependable supply of 
Foundry Coke when you do busi- 
ness with Semet-Solvay. 


Semet-Solvay is the only mer- 
chant Coke producer operating 
four By-product Coke plants ready 
to supply all the high quality Foun- 
dry Coke you need when you 
need it! Its facilities include 700 
ovens, 3 coal mines and a fleet of 
barges and diesel boats. And you 
get first call on our output—we have 
no prior commitments to others. 


In addition to accessibility, the 
purchase of your Foundry Coke 
from Semet-Solvay has many other 
advantages: Quality and uniform- 
ity of product are tops because of 
Semet-Solvay’s continuous and ex- 
haustive research program. Avail- 
ability is constant, thanks to Semet- 
Solvay’s extensive productive facili- 
ties. Five coke sizes are available to 
meet the requirements of all sized 
cupolas and melting practices. And 
last but not least, we offer advice— 
a free metallurgical service depart- 
ment staffed by specialized tech- 
nicians. Their advice is yours for 
the asking. 

Call your Semet-Solvay office 
today or write us direct for the 
complete story on Semet-Solvay 
Foundry Coke. You'll find it both 
interesting and profitable. 


For Better Melting ... 


SEMET-SOLVAY DIVISION 


DEPT. 521-BI, 40 RECTOR STREET, NEW YORK 6, N. Y. 


Buffalo « Cincinnati 
in Canada: ALLIED CHEMICAL CANADA, LTD., Semet-Solvay Dept., Toronto 
Western Distributor: WILSON & GEO. MEYER & CO. San Francisco+Los Angeles 


Cleveland «+ Detroit 
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INVESTMENT CASTING INSTI- 
TUTE ... held three- 
day technical session in Muskegon, 
Mich. and presented the latest in 
technical information to their mem- 
bers. Five papers from industry lead- 
ers on experiences with an investment 
casting shell were presented and a 
round-up report on development of 
ceramic shells was moderated by Dr 
Jack Keverian, General Electric Co. 
Papers included: The Fundamental 
Aspects of a Ceramic Shell for Pre- 
cision Castings, by K. D. Scheffer, 
General Electric: Alumina Shell Molds 
for Investment Castings, by F. ( 


a special 


Quigley, Rodman Laboratory, Water 
town Arsenal. Following these reports 
Ted Operhall, Misco Precision Cast- 
ings Co.; Dr. Raymond Reuter, Na- 





foundry 
frade news 


tional Aluminate Corp. and J. D. Pisu- 
la, Cohart Refractories Co. discussed 
experiences in making investment 
castings in a ceramic shell. Other pres- 
entations included a report from J. K. 
Dietz, Chance Vought Aircraft who 
pointed out that: “In looking to the 
future for airframe and missile appli- 
cations there is an $125 million mar- 
ket in this area alone for investment 
castings if they can be produced with 
the following qualifications 


Length — 36” to 48” 
Minimum section — 0.1 to 0.08 
Tensile strength —- 260,600 psi 
Yield strength — 210,000 psi 
Elongation — 4% minimum 
shell for 


A ceramic investment cast 


ing appeared to be the key to cost 
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THE NEW fF 


POWERMET 
PRESS 


FOR THE MOST RAPID MOUNTING OF 
METALLURGICAL SAMPLES 


@ PUSH BUTTON CONTROLLED 
@ POWER OPERATED 


@ SELF CONTAINED HYDRAULIC 
SYSTEM 


@ CONTROLLED MOLDING 
PRESSURE 


@ USE PREMOLDS OR POWDER 


@ CONFORMS TO J.1.C. STANDARDS 


95 Buhl Ld 


METALLURGICAL APPARATUS 


2120 GREENWOOD ST., EVANSTON, ILLINOIS, U.S.A. 
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BAKELITE OR TRANSOPTIC MOUNTS 


PRODUCES 1", 14", or 1%" 
MOUNTS 


BAYONET TYPE MOLDS 


THERMOSTATICALLY 
CONTROLLED HEATERS 


QUALITY COMPONENTS USED 
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reduction, increased quality and lar- 
ger sizes tor precision investment 


castings. 





Examining Misco’s new “Monoshell” left to 
right (seated) are: F. H. Bennett, Pratt & Whit- 
ney; Dr. R. A. Flinn, University of Michigan; 
Rene Roques, Microfusion, Paris, France; C. R 
Whittemore, Deloro-Stellite; Dr. Jack Keverian, 
General Electric Co.; R. R. Miller, Precision 
Metalsmiths, Inc. and President of the Insti- 
tute. Standing: G. W. Cannon, Jr., Cannon- 
Muskegon Corp.; Ted Operhall, Misco Pre- 
cision Casting Co 


AMERICAN DIE CASTING INSTI- 
TUTE, INC. .. 1958 annual meeting 
was held at the Edgewater Beach 
Hotel, Chicago, September 10-11. 
Newly elected executives greeted 
at the opening session were: R. 
C. Strassman, Badger Die Casting 
Milwaukee, president; vice- 
president, G. C. Curry, Dollin Corp., 
Irvington, N. J. and David Laine and 
W. J. Parker, American Die Cast- 


Corp., 









ing Institute, re-elected secretary 
and treasurer, respectively. Laine 
announced die casters education- 


al program was in effect at Penn- 
sylvania State University and plans to 
extend educational assistance to other 
engineering schools were made. Pro- 
gram includes two annual scholar- 
ships, a cash award program, teach- 
ing aids and other benefits. 

Die casters, representing 122 mem- 
ber companies, indicated a de- 
finite pickup in the output of their 
industry. They predicted 1958 pro- 
duction will total 315,000,000 Ib of 
aluminum die castings in comparison 
to 376,000,000 Ib the previous year. 
Production efficiency was the keynote 
of the meeting devoted to evaluation 
of new techniques being developed 
through research. Among new devel- 
opments covered were improved die 
and core materials; new process and 
production control apparatus; more 
efficient lubricants and lubricators; va- 
cuum die casting and basic research 
and alloy development in coopera- 
tion with American Zinc Institute. 
The automotive industry represents a 
potential annua! market for 700 to 
800 million lb of aluminum castings 
in a 6 million car year. 

Applications which are being de- 
veloped in and for this industry are; 
engine blocks, cylinder heads, mani- 
folds, 





OLIVER 


DOUBLE OR SINGLE DISK 


SANDER 


sands pattern pieces . . . large and 
small . . . nails 


and all | 9 








This powerful Oliver Sander smooths 
end grain, removes saw marks, sands 
down nails in salvaged patterns. Sand- 
er comes with two disks 37'4” diam- 
eter. Equipped with motor-in-head or 
belt drive. Tables have 2” lateral ad- 
justment, to 45° angular adjustment. 
Write for Bulletin 41D. 

iver Disk and Disk-Spindle Sanders are 


ered in several sizes. Also complete 
equipment for pattern shops. 


OLIVER MACHINERY COMPANY 
Grand Rapids 2, Mich. 
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pulleys, rocker arms, oil and water 
pumps, wheels, gear cases, transmis- 
sion parts and brake drums. 

The meeting feature was presen- 
tation of the Annual Doehler Award, 
highest honor of the die casting in- 
dustry, to Gustav Nyselius, Mt. Vern- 
on Die Casting Corp., at the closing 


banquet. The award consisting of a 


Gustav Nyselius 


certificate, a plaque and a cash hon- 
orarium, was presented by A. T. Lille- 
gren, Madison-Kipp Corp., represent- 
ing the Institute Board of Directors. 
Lillegren cited the many contributions 
made by Nyselius to advancement 
of the die casting industry. In parti- 
cular, it was stated the Doehler award 
specifically recognizes initiation of the 
concept of advancing die casting tech- 
niques by cooperative effort and pool- 
ing of patentable developments 
through the Die Casting Research 
Foundation. 


City Pattern, Foundry and Machine 
Co. ... Detroit, has been re-organized 
as City Pattern, Foundry Machine 
Co., Inc. B. H. Fisher is president; 
V. C. Reid, vice-president; H. S. Ball, 
sales manager and Robert Procter, 
controller. No change will be made in 
method of operation and they will 
continue to manufacture wood and 
metal patterns, non-ferrous castings 
and general machine work. 


Claude B. Schneible Co., . . . De- 
troit, announced the reorganization 
of their firm following the acquisi- 
tion of additional working capital. 
C. N. Dold is the new chairman 
of directors; G. C. Schreiber new 
president and general manager; A. 
S. Lundy, vice-president and R. G. 
Whitehead, secretary and sales man- 
ager. Schneible has produced some 


modem castings 


FOUNDRY FACTS NOTEBOOK 


Metallurgy of 
Gray Cast lron 





Founpry Facts Notresook is designed to bring you practical down- 
to-earth information about a variety of basic foundry operations. As 
the name implies, this paper is prepared for easy removal and insertion 
into a notebook for handy future refrence.—Editor 





Part 3: Influence of Silicon and Cooling Rate 


BY C. H. Mornxen 
Vice-President & Works Manager 
The Kennedy Valve Mfg. Co. 
Elmira, N. Y. 


This is the third chapter dis- 

cussing the metallurgy of gray 
cast iron to appear in Modern 
Castings Foundry Facts Notebook. 
Chapter 1: What Causes Graphite 
Formation, was published in the 
January issue while the April issue 
carried Chapter 2: Phase Trans- 
formations During Cooling. 

In this chapter the discussion of 
phase transformations is extended 
to explain the influence of silicon 
and cooling rate on decomposition 
of iron carbide. 

With normal cooling of cast iron 
silicon exerts its influence to break 
down iron carbide and liberate 
graphite. The important thing to 
realize is that silicon exerts its in- 
fluence on ALL of the iron carbide, 
whether it be free carbide or sand- 
wiched layers in pearlite. 

It follows, then, that if enough 
silicon is present and given enough 
time—temperature, all of the free 
carbides represented in diagram 
(right) disapper, being converted 
to graphite and ferrite. At the same 
time the cementite that is present 
in the pearlite is decomposing in 
the same manner, also producing 
graphite and ferrite. 

The graphite that is formed be- 
low the critical temperature is 
known as secondary graphite. It is 
likely to be finer in size than the 
primary graphite that was formed 
early in solidification. 

The ferrite that separates out is 
a solid solution of silicon in iron. 
It is very soft and ductile; about 
two-thirds as strong as pearlite; 
runs about 125-130 Bhn; smears 
badly under friction load and 
smears and drags under the tool in 
machining. Other than in castings 
for special purposes, this ferrite is 
usually considered an undesirable 
constituent in cast iron. It also in- 


dicates that the silicon was too 
high for the job. 

It could be assumed from dia- 
grain below that the process of 
graphitization continues on down 
to room temperature, but such is 
not the case. Theoretically this 
may be true but for all practical 
purposes there is no further reac 
tion below about 800 F. 

The reactions shown in the dia- 
gram indicate that the structure of 
cast iron can be controlled by: 

1) Governing the cooling rate 

down to the critical tempera- 


(Suicon) 
S 


ture, thus controlling the for- 
mation of primary graphite. 
Governing the cooling rate 
below the critical tempera- 
ture, thus controlling the de- 
composition of pearlite and 
the formation of secondary 
graphite. 
Adjusting the silicon content 
of the iron to suit the natural 
cooling rate of the casting in 
the mold. 
Graphite Carbon 
To these, some other factors can 
be added. Most of the commercial 
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Che I re raphite there is pre 
ent, the more frequent are the in 
, ; , by “ 

; er : 
ture. So the higher the graphit 
carbon, the weaker and more brit 
tle the iron will be 


Total Carbon 


At 2.00 per cent silicon th peal 


te of cast iron ontains about 

U bb per ct nt carbon It no tre 

carbides are present the 0.66 per 
nt would represent all t 


‘ I th 
combined carbon present A chem 
ical analysis wv vuld reveal the t 

tal carbon. The difference between 
the total carbon and combined car 
bon would be the amount ot 
graphitic carbon present. Table Il 
} } } Pur 

has be n prepared DY subtracting 
the 0.65 per cent value ror com 
bined carbon in pearlite from th 
te tal determined DY chemical an 
lysis to show the graphit 

alysis { 1OW he grapfl 1 Cal 


yn present 


Table I 


rotal Combined Graphit 
Carbon Carbon Carbs 
( ( % 
2.75 0.65 2.10 
3.00 0.65 2.35 
3.25 0.65 2.60 
3.50 0.65 2.85 
3.75 0.65 3.10 


One could expect that the iron 
containing 3.10 per cent graphitic 
carbon would show the lowest 
strength, and that the irons above 
it would be progressively stronger 
because there is progressively less 
graphitic carbon to exert its weak 
ening influence—and that’s about 
the way it is. 

How is the total carbon reg- 
ulated? Most cast iron is melted 
in a furnace known as a cupola 
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Chis is a vertical shaft in which 
ke fire is ignited at the bottom 
Upon this, alternate layers of iron 
coke are laid until the shaft 
full t the charging door. A 
measured blast of air is then blown 
in and the iron melts. As fast as it 
Its ighed amounts of iron 


and coke are added through the 
harging door, usually alternating 

harge of iron and a charge of 
ke. This situation is conducive 

providing carbon for the iron t 

bsorb 
Fortunately, controlling the air 
blast rate with respect to the size 
{ the furnace and the melting rate 
issists materially in controlling the 
umount of carbon picked up by 
the iron as it melts. The simplest 
thing to do to produce lower total! 
carbons is to put low carbon mate- 
ials into the charges. Steel is 
ommonly used. The combination 

steel, controlled air blast, and 

some degree coke quality, is 
ised to produce whatever carbon 
vel is required. 

lo summarize, the properties of 

a gray iron casting can be con 

trolled by 

|) Governing the cooling rate 
down to the critical tempera- 
ture, thus controlling the for- 
mation of primary graphite. 

2) Governing the cooling rate 
below the critical tempera- 
ture, thus controlling the de- 
composition of pearlite and 
the formation of secondary 
graphite. 

Regulating the silicon to pro- 

ducing a pearlitic structure 

in accordance with natural 
cooling rate of the casting. 

{) Regulating the total carbon 
so as to produce the desired 
strength, hardness and ma- 
chinability. 

[he first two of the above are 

lassed as “noncommercial” be- 
cause there is no practical and eco- 
nomical way to accomplish them. 
lo do the first would require pour- 
ing the mold while it is in a fur- 
nace which was at a temperature 
well above 2000 F. Thus, after 
pouring, the freezing rate of the 
casting and its cooling rate down 


to the critical temperature could 


be controlled by controlling the 
cooling rate of the furnace. This is 
theoretically possible, and it has 
been done on occasions, but it is 


not practicable. 





There is a little more latitude in 
the second case. The casting could 
be poured in the foundry in the 
ordinary manner, then either the 
mold and its casting or the stripped 
casting could be rushed into a 
furnace. Thus, the cooling rate 
lown to the critical temperature 
would be the natural one of the 
mold-casting system; while the 
cooling rate from the critical tem 
perature down to about 800 F could 
be controlled at any desired rate 
This also is done on occasions, but 
it is not an attractive way to make 
castings. 

The alternative, then, is to reg 
ulate the silicon and the total car 
bon to suit the natural cooling rate 
of the casting in the foundry. The 
same result can be obtained at an 
increase in cost by subsequent hea 
treatment 


Inoculation 

While a great many foundries 
can and do confine themselves to 
carbon and silicon control, still 
other factors can be employed fur- 
ther to modify and enhance the 
properties of cast iron. One of the 
most interesting of these is con- 
trolling the form and distribution 
of the graphite. This is done with 
a process known as inoculation 
which is the addition of a graphit- 
izing agent to the molten iron 
Silicon is a graphitizing agent. 

Instead of melting raw materials 
to produce a 2.00 per cent silicor 
iron, for instance, procedures are 
altered to produce a 1.50 per cent 
silicon iron. The other 0.50 per 
cent silicon is added to the molten 
iron just before pouring into the 
molds. Results are surprisingly dif 
ferent. Generally speaking, the 
iron will be tougher and stronger. 
Microscopic examination will show 
that the explanation lies in the 
graphite form and in its distribu- 
tion. Graphite is finer and more 
uniformly distributed, thus giving 
the pearlite more chance to exert 
its influence upon the strength. 

Most foundries today inoculate 
with one graphitizing agent or an- 
other. Some of them use ferro sili- 
con or calcium silicide; others use 
proprietary alloys produced for the 
purpose. Excellent cast iron is pro- 
duced in this manner and it is pro- 
duced in a range of compositions 
to develop a range of physical 
properties. 





he largest systems for dust contro] 


itilation. in the industy. Re 
organization and refinancing will ena 
ble the tO maimtain a strong com 


petitive position, to develop new 


/ , 


products and expand its sales force. 


Wheelabrator Corp., . . . Mishawaka, 
Ind., formed the Techline Division as 
1 result of acquiring former Crandall 
Engineering Mfg., Inc. of Vicks- 
burg, Mich. The division will man- 


facture and sell precision finishing 


machines and wet blast equipment. 
Complete experimental and demon- 
stration laboratories also will be 
maintained in Vicksburg. G. H. Lieser 
will be field-sales manager; Roy Ro- 
mine, chief engineer and Lee Stevens, 


! r ot pr ess engineering. 


Swayne, Robinson & Co. . . . Rich- 
mond, Ind., has announced the devel- 
opment of a molding process aimed 
at production of precision castings. 
Che process uses the COz method of 
curing sand. Castings produced are 
said to hold plus or minus 0.015 of an 
inch. Molds are hardened on patterns 
before the draw providing a close fit 
to casting surfaces. But application 
will be to jobs which require close 
tolerances for machining. Process is 
said to offer dimensional accuracy of 
shell castings, combined with lower 
cost of green sand. 


lurbo-Cast, Inc. . . . Los Angeles, 
purchased a new 100,000 sq ft plant 
marking the first step in a complete 
reorganization plan in the investment 
casting foundry. 

F. C. Howard, Jr., president, stated, 
the reorganization is aimed at in- 
creasing the capacity of Turbo-Cast 
by approximately 1000 per cent and 
is to be completed shortly with pro- 
duction transition being scheduled to 
prevent interruption of current work.” 

Turbo-Cast is well-known to the 
western and southwestern aircraft and 
missile industries. Although produc- 
tion is concentrated in high-temper- 
ature cast-steel applications, the foun- 
dry also casts non-ferrous alloys. 


National Research Corp. . . . Cam- 
bridge, Mass., has been awarded a 
government contract of $460,000 to 
design, construct and test-operate one 
f the largest vacuum furnaces in the 
United States. This vacuum skull fur- 
nace will be used in melting titanium, 
one of the strategic metals of interest 
to the country’s defense program. 


B & T Machinery Co... . Holland, 
Mich., announced the opening of a 
research laboratory for investigation 
and testing of new developments for 
the die casting industry. The labora- 












25-28 in. of mercury with simple units 
that can be attached to most die cast- 
ing machines. 

This program will also include de- 
velopment work on die temperature 
control units, automatic spray lubri- 
cation, automatic casting ejection, pre- 
ladling and automatic ladling of alum- 
inum. 


WaiMet Alloys Co. . . . Detroit, divi- 
sion of Consolidated Foundries & Mfg. 
Corp., announced their entry into the 


vacuum melted alloy field. Roger This giant steel casting is one of 
Wairdle, president, said that an exclu eight sheaves 

sive sales agreement was made with Coraopolis, Pa., 

Allvac Metals Co., Monroe, N. C., for Knox Co. for 


the sale of vacuum melted alloys to 
the castings industry. 
Roger Metzler, sales manager of 


WaiMet, will be in charge of market is over 16 ft in diameter and 
development in this new field. J. D. in. deep. The sheaves will carry 
Nisbet, president and technical direc- 1-1/2-in. diameter wire 

tor, Allvac Metals, is one of the pion- will raise and lower the 558-ft long 
eers in this field. He directed vacuum span. The American Bridge Div., 


melting research activities at both 
General Electric and Universal Cy- 











for the bridge 











Fla.; and Gar- 


tory is housed in a separate building Sonken-Galamba 

equipped with complete apparatus warehouses located in Kansas City, 
for vacuum casting of both zinc and Kans.; North Miami, 

aluminum. Work is being done on dena, Calif., has been named a dis- 
methods of producing zine and alumi- tributor of aluminum pig and alloy 
num die castings under vacuums of ingot for Reynolds Metals Co. 


Vibratory Feeders 








foundry of Blaw- 
the world’s longest 
vertical lift bridge—the 
railroad bridge 
Jersey and Staten Island. Weighing 
60,000 Ib unmachined, the casting 


ous handling of sand and other bulk materials 
in foundries all over the country. Combining posi- 
tive vibration with instant control of flow, they 
move bulk materials—hot or cold—damp or dry 
smoothly from bins and hoppers to screens, con- 
veyor belts, mullers and other process equipment. 
By maintaining positive control of material flow 
any interruptions in the process cycle are elimin- 


United States Steel Corp., 
ricating and erecting the steel work 





clops Steel Corp. 

















M. HOLTZMAN 
METAL CO. 


SMELTERS AND REFINERS 
SINCE 1900 
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HOLMCO 
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GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifico- 
tions IMPROVED WITH FACTOR “X”! 


Send us a sample order! If you want to 
improve the quality of your finished 
products at no additional cost . . . let us 
show you what HOLMCO ingot, im- 
proved with Factor ‘*X"’ can mean to you! 





5223 McKISSOCK AVE., ST. LOUIS, MO 
CHestnut 1-3820 
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range of capacities with single, dual, twin and 
twin dual magnets—above or below deck mount- 
ing with tabular or flat pan troughs. 


and 


notice 


Golf 


field qualifies SYNTRON to act on your problems, 
both large and small. 


advance 
sent to you without 





weeks 


five 
MopERN CASTINGS, 


address 


that MoperRN CastTincs will be 


How long?-5 weeks! 


Circulation Manager, 


to: 
Wolf Roads, Des Plaines, Illinois. 


Write 








@ Remember, when you change your 


is necessary to assure 


interruption. 

















SYVA/ 712ON  +Vibra-Flow" 








add new economy and efficiency 
to your casting production 





SYNTRON Vibratory Feeders provide continu- 






Feeding sand from 
hopper to conveyor belt. 


SYNTRON Vibratory Feeders are built in a 


Years of experience in the materials handling 





- 





Feeding tempered foundry 
sand to pneumatic mold. 


Other SYNTRON Equipment 


designed to increase production, 
cut production costs, improve products 


Vibrators Rectifiers 

(bins, hoppers, chutes) (Silicon and Selenium) 
Vibratory Feeders a-c to d-c Selenium Rectifier Units 
Vibratory Screens Electric Heating Panels 
Shaker Conveyors Electric Heating Elements 
Vibratory Elevator Feeders Sinuated Wires 
Weigh Feeders Shaft Seals 
Packers and Jolters Electric Hammers 
Hopper Feeders Concrete Vibrators 
Lapping Machines Paper Joggers 


Our representatives will be glad to work with you in 
selecting the proper equipment for your operation. 


Call your nearest Syntron representative. 
Write for FREE catalog information. 


SYNTRON COMPANY 


545 Lexington Avenue Homer City,Penna 
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bon and other deoxidizers present 
In general, it is desirable to tap 
steels at the highest possible car- 
bon content for maximum cleanli- 
ness. This is why rail steels are no 
longer recarburized and why sili 
comanganese with its lower carbon 
ontent is widely used for blocking 
the medium and lower carbon heats 
in the basic open hearth. It is par- 
ticularly important when final car- 


bon specifications permit keeping 
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Control for Steel Melting 


Continued from page 30 


tap carbon above 0.20 per cent. 
Below this value the oxygen con- 
tent rises rapidly with decreasing 
carbon and will tend to increase 
the amount of oxides present in 
the final steel 

In addition to oxygen, sulphur 
content is important since about 
50 per cent of the inclusions are 
sulphides. Therefore, low sulphur 
content is desirable. The highest 
quality steels in the wrought in- 


BLE 


A HOOD THAT’S A FRIEND 
OF EVERY FOUNDRYMAN 


COMPENSATING POURING HOOD 





Clean, fresh air summer and winter, is what you enjoy with a Schneible 


Compensating Air Hood. 


This hood includes air direction controls which allows efficient dust 
and fume collection without sacrifice of worker comfort. 
Many sizes and capacities are available for both jobbing and production 


foundries. 


Our representative will be glad to discuss your problem with you, or 


wire direct for complete details. 


CABLE ADDRESS FOR 

FOREIGN INQUIRIES: CBSCO 
EUROPEAN LICENSEE: 

ELEX S. A, ZURICH, SWITZERLAND 









CLAUDE B. SCHNEIBLE COMPANY 


REFER TO SWEET'S FILE NO. le/s« 


P.O. Box 296, Roosevelt Park Annex—Detroit 32, Michigan 

















Zone____ State 








SERVING FOUNDRYMEN THE WORLD OVER 
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dustry are made in the basic elec- 
tric furnace partly because of its 
ability to attain very low sulphur 


contents. 

If total sulphur and oxygen con- 
tent were the entire story in steel 
quality it would be a simple one, 
but this is just not so. It is the 
structure, the shape, and the dis- 
tribution of the final oxygen and 
sulphur contents or inclusions that 
markedly affect steel properties. 


Inclusion Formation 


The effect of deoxidization on 
the formation of inclusions and duc- 
tility in cast steels has been stud- 
ied by Sims and Lillequist, Sims 
and Dahle, Crafts and Egan" and 
others. 

In Grott’s discussion of the Sims 
and Dahle paper he suggests that 
calcium added to the heavy alu- 
minum deoxidation would make it 
more effective and reliable in pre- 
venting intergranular sulphides. 
Among the calcium alloys most 
popular in steelmaking are: CaSi— 
about 31.5 per cent Ca, 62.5 per 
cent Si, and CaMnSi—about 17.5 
per cent Ca, 16.0 per cent Mn 
and 56.0 per cent Si. Either of 
these are generally added to the 
ladle after the aluminum addition 
in amounts from 3.5 to 5 lb/ton 
to ensure good ductility. 

\ parallel between the wrought 
and the cast industry is found in 
the fully killed steels made to a 
range of from 0.20 to about 0.40 
per cent final carbon. The solidifi- 
cation of these steels when fully 
deoxidized with aluminum appears 
to produce intergranular sulphides 
which yield poor ductility and hot 
tearing in castings and poor sur- 
face-rollability in wrought steels. 
Engquist'® has recently reported 
his work and suggests a lower car- 
bon content and higher manganese 
content for carbon cast steels to 
alleviate hot tearing. 

Finishing practice is a complex 
and controversial subject. To main- 
tain constant quality, the following 
points are desirable: 


Furnace Finishing Practice 
1) Level of Oxidation 

Have a consistent finishing prac- 
tice which means proper melt down 
carbon, good carbon boil, proper 
ore Or gaseous oxygen additions, 
proper bath temperature sometime 
before tap, proper tap carbon lev- 






el and as uniform a slag composi- 

tion as possible. This should pro- 

vide a constant level of oxidation 
which may be an important fac- 
tor in sulphide inclusion formation. 

2) Furnace Deoxidation 

a) Add a substantial portion of 
deoxidizers to the furnace 
as a combination alloy pref- 
erably of silicon and manga- 
nese. This will provide for 
fast solution of alloy and a 
more rapid removal of inclu- 
sions in the furnace and dur- 
ing tapping. Tap as rapidly 
as practical to prevent hy- 
drogen pick-up. 

b) Do not over-deoxidize in the 
furnace but have enough de- 
oxidation present to prevent 
a reboil if a silicon type al- 
loy is used for blocking. 

c) Have a clean well shaped 
tap hole, as smooth a tap- 
ping stream as possible and 
a uniform blocking and tap- 
ping interval. 

3) Ladle Deoxidation 
a) Aluminum to control pinhole 

porosity and other alloys to 
control sulphide distribution 
and pinhole porosity should 
be added to the ladle in the 
proper amount for a given 
practice. 

b) When shanking, with attend- 
ant long holding times at 
high temperatures in the 
bull ladle, remember that 
aluminum will oxidize in the 
ladle so that additional de- 
oxidation may sometimes be 
required in the shank la- 
dles for porosity and inclu- 
sion control. 


4) Pouring 

When possible, have a consistent 
pouring temperature for a given 
casting technique; this requires a 
knowledge of ladle temperature 
drop. The use of the immersion 
thermocouple for accurate ladle 
temperatures should provide data 
which if applied can help main- 
tain consistent pouring tempera- 
tures. 


Melting Units 
This chemistry of modern steel 
melting is being practiced in three 
basic type melting units—open 
hearth, electric arc and induction 
furnaces. The more important re- 
cent changes in construction, oper- 





ation and use of these units are 
summarized as follows: 


Open Hearth Furnace 


The open hearth with its shallow 
bath, its reverberatory type roof, 
and its checker system designed 
to provide highly preheated air, 
has experienced only minor chang- 
es in design over the years. Im- 
proved refractory use has been the 
keynote, the over-all aim being to 
develop for each part of the fur- 
nace a refractory life which will, 
with minimum or single repair, last 
the life of a campaign. In basic 
furnaces the bottom pan is now 
shaped to provide for a uniform 
thickness of bottom material. No 
heavy corner build-up is deemed 
wise. A thin uniform bottom will 
keep the high temperature zone 
close to the steel bath, thus prevent- 
ing the penetration of errosive ox- 
ides. Basic bottom materials are of 
highest possible magnesia content. 

Improved methods of blowing 
keep the checkers clean through- 
out the campaign. The use of steam 
jets under the rider arches to pre- 
vent a build-up of flue dust has 
been most helpful. It is not uncom- 
mon now to find a furnace oper- 
ating as sharply during the last 
heat of its campaign as it did dur- 
ing the latter part of the first week. 
Most important has been the seal- 
ing of the entire checker system 
by spraying both inside and out 
with refractory cements. This pre- 
vents air infiltration, and _ thus, 
maintains highest flame tempera- 
ture which is the driving head of 
the process. 

Improved burner design and the 
use of oxygen for combustion and 
decarburization has improved ton- 
nage rates. 


Electric Furnace 

The electric furnace with its ca- 
pability for rapid heat-up and ease 
of shutdown is a most useful tool 
in the steel foundry industry. Im- 
proved furnace design; higher side 
walls; larger cubic capacity to han- 
dle light scrap; fast top charging; 
amplidyne or similar are controls; 
and higher transformer capacity 
have all led to improved produc- 
tion rates for the arc furnaces. Since 
this melting unit is primarily scrap 
consuming, the new work on the 


Continued on page 122 


The students who are interested in the foundry indus- 
try today are the industry’s management of tomorrow. 


One of our jobs, as the Foundry Educational Founda- 
tion, is the encouragement of, and assistance to, these 
students. 


Over the past nine years, as you can see from the ac- 
companying chart, F.E.F. has made great strides in 
that direction. Sixty-four departments now require 
students to study the cast metals industry, as compared 
to only twenty in 1947. 


This advancing trend will assure a continuing flow of 
capable, well-educated young men into our industry... 
providing your interest and financial support are main- 


ka, ie tained now dnd in the future. 
’ 


“See 


DEPARTMENTS REQUIRING CAST METALS STUDY 


Write for our new booklet, “Let’s Look Ahead”’. 


You’ll be glad you did. 


Foundry Educational Foundation 


1138 TERMINAL TOWER BUILDING ¢ CLEVELAND 13, OHIO 
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MCA offers 


Molybdenum in all its forms 





Grant Building 





“Wi reotwum 
Dwoars 


Molybdenum is widely accepted in the 
iron and steel industry, because it imparts 
improvements in physical properties at 
costs that may be economically justified. 
Such properties are effective both in econ- 
omy of production and user benefits. In 
high speed steels, automotive steels, in 
aircraft and missile steels, molybdenum 
by MCA performs to meet designer’s 
requirements. 

This expanding use of molybdenum 
has resulted in demand for various 
forms—chemicals, metal powder, metallic 


CORPORATION OF AMERICA 


Offices. Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives: Brumiey-Donaldson Co., Los Angeles, San Francisco 


Subsidiory: Cleveland -Tungsten, Inc., Cleveland 
Plants: Washington, Pa., York, Pa. 


Pittsburgh 19, Pa. 





molybdenum and molybdenum oxide. 
MCA offers molybdenum in all com- 
mercial forms for easy and practical ap- 
plication in the mill. In addition, MCA’s 
technical knowledge is unsurpassed and is 
available to the iron and steel maker upon 
request, free of charge. 

When you have a metallurgy problem 
that molybdenum might solve, think first 
of MCA. When you need molybdenum 
in any form or quantity, MCA has it 
available for your use in iron and steel 
improvement. 
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fluidized-bed, reduction of iron ores 
with hydrogen is of great interest 
to the electric furnace operator. 
Recent announcements have esti- 
mated costs for this process at from 
$13 to $20 per ton over the cost 
of a metallic ton of iron in ore. 
Depending on the cost of ore this 
could mean some very reasonably 
priced scrap. “This may also mean 
integrated steelmaking may be per- 
mitted with iron ore as a source 
of iron units independent of the 
scrap market.” 


Induction Furnace 


Fortunately the induction furn- 
ace has been adaptable to melting 
in a vacuum chamber. Thus it has 
opened many new fields in super 
alloy research. This type of melt- 
ing eliminates gases, improves me- 
chanical properties and provides 
close control over composition. 
Therefore it will be a useful and 
interesting tool for the castings in- 
dustry. 


Steel Castings 

So much for the chemistry of 
steel melting; let us take a look at 
the cast steel industry, its present 
production, and its future growth. 

In 1956 approximately 1,400,000 
net tons carbon steel, 480,000 net 
tons of low alloy steel and 41,000 
net tons of high alloy steel castings 
were shipped. This amounts to a 
total of 1,921,00 net tons. In all 
probability about 3,500,000 net 
tons of steel were melted. The most 
favorable growth rate—9 per cent 
per year has been indicated for 
the high alloy field. This means a 
continued need for basic electric 
furnaces with improved alloy re- 
covery and control as an important 


tactor. 


1. McBride, D. L., New Developments in 
Steelmaking Processes, U. S. Steel Corp., 
1956. 

. Marketing Research Division, Electro Me- 
tallurgical Co., Division of Union Carbide 
Corp., Projected Growth In The Steel, Iron 
and Aluminum Industries Through 1960. 

. Epstein, Walsh and King, Hydrogen in 
Steelmaking, AISI 1954. 

4. Rassbach, H. P., Origin, Control and Effect 
of Gases in Steel, 1952. 

5. Sims, C. E., Moore, G. A. and Williams, 
D. W., A Quantitative Experimental In- 
vestigation of the Hydrogen and Nitrogen 
Contents of Steel During Commercial Melt- 
ing, AIME, Technical Publication No. 23- 
47, Metals Technology, February 1948. 

6. King, T. B., Gas Problems in Solidification, 
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Electric kurnace Conference, 1950 

Savage, R. E. and Taylor, H. F., Trans 
ACTIONS, American Foundrymen’s Society, 
V58, 1950 

Carney, D. J., Gases in Liquid Iron and 
Steel, Gases in Metals, ASM 1953 
Tennenbaum, M., Open Hearth Bath De- 
oxidation, AIME, Open Hearth Steel Pro 
ceedings, 1952 

Basic Open Hearth Steelmaking, American 
Institute of Mining and M« tallurg tical En 
gineers, Revised edition, 1951 

Murphy, D. W. and Miltenberger, R. S., 
Behavior of Manganese in the Basic Open 
Hearth, National Open Hearth Conferenc« 
AIME, 1954 

Hilty, D. C. and Crafts, W., Solubility of 
Oxygen in Liquid Iron Containing Alumi 
num, AIME, 1950 

Herty “‘et al”, Deoxidation of Steel, Mem 
orial Volume to C. H. Herty, Jr.. AIME, 
1957 

Hilty, D. C. and Crafts, W., Solubility of 
Oxygen in Liquid Iron Containing Silicon 
and Manganese, AIME, 1950 

Crafts, W. and Egan, J. J., Final Deoxida- 
tion for Cast Steel, 1940 

Enquist, R. D., Effect of Carbon and Man 
ganese on Properties of Construction Steels, 
AFS, 1957 — not published 


@ To obtain single additional copies of this 
article circle C, Reader Service card page 7-8 


product report... 


Silicon rubber gaskets . . . at a frac- 
tion of their regular price are being 
made for their own use by Tru- 
Scale, Inc., Wichita, Kans. The com- 
pany discovered that mold costs in- 
volved in producing limited quantity 
of molded rubber seals or gaskets 
needed for their epoxy-glass com- 
pression and vacuum molds, priced 
them out of range. The problem was 
finally solved with Silastic RTV, a 
silicone rubber that vulcanizes with- 
out heat or pressure manufactured 
by Dow Corning Corp., Midland, 
Mich. After routing a groove of the 


he igee 


proper diameter out of birch-faced 
plywood, sanding, sealing and rub- 
bing with wax; the material is poured 
in and allowed to set overnight. Com- 


pany has used this “do-it-yourself” 
method to produce silicone rubber 
rings up to 48 in. in diameter. Some 
of the rings have seen as many as 
30 cycles without deterioration. 


For Manufacturer's Information 
Circle No. 946, Page 7-8 
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ENGINE: industrial-type — Gasoline or LP Gas 
Displacement - - - += = = = = = 33 cin 
Horsepower - - - - - = - 35 at 2,400 rpm 
Torque, ft-lb . © [6 sa. 6 97 at 1,400 rpm 


GRADABILITY: 
Truck will climb with fullload- - - - 40% grade 


DRIVE: 
Standard or (optional) POWER SHIFT with torque converter 


LIFTING: 
Standard lift - - 131%, in. 
Lifting speed, loaded 50: - n 
Tilt angle - - - - 


Ovi with | 
full 35 hp — the most in its 
class. Better yet, it’s honest 
industrial engine power — | 
built to develop high torque 


|__| 85 | | 65 || 43 || 78| & 
at usable working speeds for ial: it | A 
lift trucks. L_ete iim tik tie 1) 


The engine in the new FT20- 
24 develops 97 ft-lb of torque 


operator steps onto the clean, open platform from 
either side... works comfortably on a wide, cush- 
ioned seat...spots loads quickly with responsive 
finger-tip controls ...turns sharply ...can have the 
advantages of optional POWER SHIFT torque con- 
verter drive... moves more day after day. 


other 2,000- 
Ib trucks. _is sure-footed and 
tough. Just watch it take qa* 
steep grades up to 40 percent, we 
loaded. It has extra power, = 
balanced weight distribution 


and greater lateral stability. The FT20-24 with full load, 


will climb a 40% grade. 


bonus strength from mast to rear 
Saumherwelaies heepe it on the job far beyond the 
usual life expectancy for lift trucks. There is no un- 
necessary strain on working parts. With automotive- 
type frame, the engine and drive components are not 
required to serve as structural members. 

Further, the machine can be prepared for service 
in seconds — stripped for overhaul in minutes — and 
returned to work hours, even days, sooner than most 
machines. 

How about a demonstration! Let your Allis- 
Chalmers dealer show you how the all-new FT20-24 
can out-perform, and bring substantial savings in 
material handling costs. Send for NEW, FREE 
Booklet BU-485. Allis-Chalmers, Milwaukee 1, Wis. 
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Compare Performance... 
Compare FT20-24 Specifications... 
Compare Price! 


DIMENSIONS: 
Length to front face of forks - - - - ~ = 69in. 
Width, maximum - - - + - = = 32in. 
Minimum intersecting atohes truck negotiotes 551, in. 
Turning radius, outside - - - - + = 62in. 


TIRES: 


Z - - 0 5 ae 


- wie = «= oo Ae 


_ALLIS-CHALMERS 


| PERCENT OF GRADE 


FT.LB of TORQUE 


| 
; 
| 





classified advertising 


For Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
. . 25¢ per word, 30 words ($7.50) minimum, prepaid. 


Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 





Display Classified . . Based on per-column width, per inch . . 1-time, $18.00; 
6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid. 








NEW SERVICE 
MODERN CASTINGS announces a new service available to all mem- 
bers of the American Foundrymen’s Society. Any member seeking 


employment in the metalcastings business may place one classified ad 
of 40 words in the “Positions Wanted” column FREE OF CHARGE. 


Inquiries will be kept confidential if requested. Ads may be repeated 
in following issues at regular classified rates. Send ads to MODERN 
CASTINGS, Classified Advertising Dept., Golf and Wolf Rds, Des 
Plaines, Ill. 














SALESMAN TO CALL ON FOUNDRIES 


Sell nationally-known line of quality controlled foundry products—core 
oils and binders, washes, sand additives and compounds, etc. Major 
manufacturer, now doing a multi-million dollar sales volume in a few 
states, is undertaking an expansion program. Men with some foundry 
“know-how” preferred. This is a full-time opportunity with a challenging 
financial future. Our organization knows of this ad. Reply in strictest 
confidence giving educational background, marital status, etc. 

BOX E-42, MODERN CASTINGS, Golf and Wolf Roads, Des Plaines, Ill. 














FOUNDRY MANAGER 


Immediate opening with Metals Processing Division 
of Curtiss-Wright Corporation, located in Buffalo, 
. N. Y., to plan and direct all operations of Division's 
foundry which specializes in heat and corrosion resist- 
ant steel castings. Complete responsibility for all ac- 
tivities. Excellent salary and executive benefits. Send 
detailed resume including salary requirements to: 


T. W. COZINE 
Mgr., Executive and Technical Placement, Dept. MD-2 
CURTISS-WRIGHT CORPORATION, WOOD-RIDGE, N. J. 




















FOUNDRY FOREMAN WANTED 
Experienced in sand and quality control, age 35-45, for Upper Midwest company. Send 
resume stating experience, education, qualifications and availability. Salary open, re 
plies confidential. Box E-47, MODERN CASTINGS, Golf and Wolf Roads, Des Plaines, Il. 
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FOUNDRY SALES SPECIALIST 
Well-established AAAI South Central 
Foundry with up-to-date equipment 
producer of gray and nodular irons 

has excellent opportunity for the 
RIGHT man. He must be a successful 
foundry salesman with imagination and 
have no fear of hard work. If you feel 
you are this man, write us sending 
full resume and financial requirements 


Reply to 


Box E-43, MODERN CASTINGS, 
Golf and Wolf Rds. Des Plaines, Ill. 











Can you use 40 years of practical foundry ex- 
perience? Long-time foreman and supervisor 
seeks outside job as trouble shooter, adjuster, 
or plant protection. Well qualified to price 
castings. Hard working and active man; mem- 
ber AFS 11 years. Thirty-eight years with last 
employer. Prefer Dayton, Ohio area, but will 
relocate. Box E-44, MODERN CASTINGS, Golf 
and Wolf Roads, Des Plaines, III. 


SPECIALIZED GERMAN ENGINEER for 
mechanization of foundries wants contact with 
distinguished American company specialized 
for the construction of foundry-machines, which 
wants its interests in Europe cared for by an 
experienced expert. Age 35 years, independ- 
ent, living in Hamburg. Reasonable time get- 
ting acquainted with work in factory appre- 
ciated. Offers under 8615 to WILLIAM 
WILKENS WERBUNG, Hamburg 1, Germany. 


Foreign foundrymen available— 

1) Australian foundrymen with chemical en- 
gineering degree, served junior metal- 
lurgist in alloy steel; apprentice molder 
and management trainee in steel foundry ; 
chief metallurgist in light organic and 
inorganic materials and sales develop- 
ment engineer with non-ferrous company 
manufacturing sheet and extruded prod- 
ucts. Box E-45 
Delhi, India, patternmaker with five years 
training in machine tool phototype fac- 
tory; attended Punjab University; Ar- 
tisan Training School. Seeking position 
as industrial trainee. Box E-46 


MODERN CASTINGS, Golf and Wolf Roads, 
Des Plaines, Ill. 








ELECTRIC ARC FURNACES FOR SALE 
Two 2000-lb side-charge furnaces complete 
with transformers, extra tops and electrodes. 
Low price for quick sale. FRED H. WUETIG, 
7445 Seuth Chicago Ave., Chicago 19, Illinois. 
HYde Park 8-7470. 





BACK VOLUMES Wanted to buy for cash 
of foundrymen, TRANSACTIONS American 
Foundrymen’s Society and other scientific 
technical Journals, A. S. ASHLEY 27 E. 21, 
N. Y. 10, N. Y. 





WANTED! BOUND VOLUMES OF TRANS- 
ACTIONS OF AFS. Arrangements to sell 
bound volumes of TRANSACTIONS of AFS, 
intact and in good condition, may be made 
through AFS Headquarters. Those who have 
no further use for any volumes of TRANS- 
ACTIONS on their bookshelves are requested 
to communicate with the Book Department, 
American Foundrymen’s Society, Golf and Wolf 
Roads, Des Plaines, Illinois. 
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product report... 
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h-strength 


Grav iron and all a ig 


Handling coke 


Sand is carried to sims y shakeout 


2000-lb capacity units haul sand 300 
tt to the shaker where it is remulled 
ind returned to 12 molding areas 


For Manufacturer's Information 
Circle No. 947, Page 7-8 
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BELT TORQMO T OSCILLATING CONVEYOR has per- 
forated plate at receiving end for separating sand and 
castings. Castings then cool along 36-ft. route and are 
sprued and sorted near discharge end. 


CONVEYORS AND PREPARATION EQUIPMENT 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There 
Sales Offices in All Principal Cities. Export Office. New York 7 


LINK-BELT TROL Y MC stings on a 


cooling ride. After a 340-ft ip, castings ar iutomatically 
discharged to Link-Belt oscill 
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LINK-BELT trolley and oscillating conveyor 
work together to give Brillion lron Works 
a cleaner, cooler, more productive foundry 


Here’s a Link-Belt conveyor combination that has worked wonders 
at this midwest gray tron foundry 

A Link-Belt trolley mold conveyor was easily installed around 
existing equipment, releasing floor space for storage and ventilating 
equipment . an addition that has eliminated much of the smoke 
and gas that existed in the pouring area. And with heavy lifting and 
carrying eliminated, working conditions are safer and easier .. . 
pouring and cooling are accomplished more efficiently 

From shakeout to sorting, hot castings move smoothly on a Link- 
Belt Torqmount oscillating conveyor. Its full-time positive action 
refuses to dampen under heavy surge loading conditions . . . castings 
are conveyed uniformly. Power requirements and maintenance are 
minimized with unique torsion-spring action 

Link-Belt offers unmatched experience plus a broad line of sand 
handling and preparation machinery to modernize any phase of your 
operation—or to equip a complete, new foundry. For further facts, 
contact your nearest Link-Belt office. Or write for Book 2423. ge 


Are Link-Belt Plants and 
Australia, Marrickville (Sydney); Brazil, Sao Paulo; Can 


ada, Scarboro (Toronto 13); South Africa, Springs Representatives Throughout the World 


Circle No. 995, Page 7-8 


















FLOUR 


» ZIRCON FOUNDRY FLOUR 
140, 200, 400 Mesh Sizes 


SAND 


DOMESTIC & AUSTRALIAN 
yAl 4G @)) 20101) 1°) S Mey V1) 












Send for Data Sheet 


ANDREWS, SOUTH CAROLINA 


Circle No. 996, Page 7-8 


DISTRIBUTED BY: 
BARKER FOUNDRY SUPPLY CO., 
Los Angeles; San Francisco 
HOFFMAN FOUNDRY SUPPLY CO., Cleveland 
FREDERICK B. STEVENS, INC., Detroit; Buffalo; 


indianapolis 


PENNSYLVANIA FOUNDRY SUPPLY & SAND CO., 
Philadelphia; New York; New England 


M. A. BELL CO., St. Louis; Tulsa; Houston; Denver 
LAGRAND INDUSTRIAL SUPPLY CO., Portiand, Ore. 
G. E. SMITH, INC., Pittsburgh, Pa. 

MILWAUKEE CHAPLET & SUPPLY CORP., Milwoukee 
JOHN P. MONINGER, Chicago 


EXPORT DEPARTMENT: 
1010 Schaff Bidg., Philadelphia, Pa 
CANADIAN FOUNDRY SUPPLIES & EQUIP. CO., INC., 


Montreal; East Maritimes 


CANADIAN HANSON & VAN WINKLE CO., LTD., 


F. B. Stevens Division, Windsor; Toronto 
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